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PREFACE. 


NOTHING  can  be  an  adequate  apology  for  obtruding  upon  the 
world  a new  Elementary  Work,  in  a branch  of  Science  already 
well  underftood,  except  the  plea  of  utility.  It  is  wholly  upon  this 
ground,  that  I venture  to  fubmit  the  following  Treatife  to  the  public 
infpe&ion. 

The  difficulty  which  I met  with,  in  providing  my  Gaffes  * with  a 
Text-book  in  Natural  Philofophy,  neither,  on  the  one  hand,  materially 
deficient  in  Mathematical  Demonftration,  nor,  on  the  other,  too  copious, 
or  too  abftrufe,  for  the  purpofe  of  elementary  inftru<ffion,  firft  fuggefted 
the  idea  of  this  work.  And  the  apprehenfion,  that  others  may  have  met 
with  the  fame  difficulty,  induces  me  to  make  it  public,  in  hopes  that  it 
may  be  of  fome  ufe  to  thofe  who  wifh  to  ftudy,  or  to  teach,  this  Science 
fyftematically. 

To  that  clafs  of  readers  who  are  fatisfied  with  general  views,  this  work 
will  be  of  little  fervice.  Sketches  of  philofophy,  fufficiently  comprehen- 
five  to  anfwer  their  purpofe,  will  ealily  be  found.  But  the  knowledge 
which  is  gathered  up  in  this  curfory  manner,  muff  unavoidably  be  fuper- 
ficial,  and  will,  in  many  particulars,  be  confuted  and  inaccurate.  What 
Cicero  fays  of  Philofophy  in  general,  is  particularly  true  of  Natural  Phi- 
lofophy ; Difficile  cjl  enim  in  philofophia  pauca  effe  ci  not  a , cut  non  fint  aut 

pleraque , 


* In  the  Warrington  Academy. 
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pleraque , aut  omnia,*  It  may  be  laid  down  as  an  univerfal  maxim,  that 
there  is  no  eafy  method  of  attaining  excellence.  The  fmall  portion  of 
learning,  or  fcience,  which  is  to  be  acquired  by  the  help  of  facilitating 
expedients,  has  been  juftly  compared  f to  a temporary  edifice  built  fora 
day.  It  is  as  unreasonable,  to  hope  to  acquire  knowledge  without  under- 
going the  labour  by  which  it  is  ufually  gained,  as  it  would  be  to  exped, 
that  an  acorn  will  become  an  oak  without  palling  through  the  ordinary 
procefs  of  vegetation. 

All  the  knowledge  of  Natural  Philofophy  which  can  be  acquired  by 
curfory  reading,  without  the  affiftance  of  mathematical  learning,  mull 
confifi  in  an  acquaintance  with  leading  fads  and  general  conclulions.  To 
underhand  the  manner  in  which  the  laws  of  nature  have  been  inferred 
from  thefe  fads,  and  to  be  able  with  certainty  and  precifion  to  a^tply 
thefe  laws  to  the  explanation  of  particular  phenomena,  neceffarily  requires 
a previous  knowledge  of  the  elements  of  Geometry,  Trigonometry,  the 
Conic  Sedions,  and  Algebra.  A mechanic  who  fhould  fet  about  making 
a machine  without  the  requifite  touls,  would  not  ad  more  abfurdly,  than 
a Undent  who  fhould  attempt  to  underhand  the  fcience  of  Natural  Philos- 
ophy without  thefe  helps.  A Preceptor  who  profeffes  to  teach  this  fcience 
in  the  eafy  and  amufing  method  of  experiment  alone,  is  an  archited  with- 
out his  rule,  plumb-line,  and  compahes, 

Fads  are,  it  is  true,  the  materials  of  fcience  ; and  much  praife  is  unques- 
tionably due  to  thofe  wdio  have  increafed  the  public  hore,  by  new  exper- 
iments accurately  made,  and  faithfully  related.  But  it  is  not  in  the  mere 
knowdedge,  nor  even  in  the  difcovery  of  fads,  that  philofophy  conhhs. 
One  who  proceeds  thus  far,  is  an  experimentalih  ; but  he  alone,  who,  by 
examining  the  nature,  and  obferving  the  relation  of  fads,  arrives  at  general 
truths,  is  a philofopher.  A moderate  fliare  of  induflry  may  luffice  for 
the  former  : patient  attention,  deep  refledion,  and  acute  penetration,  are 
neceffary  in  the  latter.  It  is  therefore  no  wonder,  that  amongfl  many 
expcrimentalifts  there  fhould  be  few  philofophers. 

The 

* Tufcul.  Quasft,  II.  i.  -f  Knox  on  Liberal  Education,  9. 
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The  hardy  perfeverance,  and  the  vigorous  exertions,  which  are  necef- 
fary  to  form  this  character,  are  fo  contrary  to  that  effeminacy  and  frivolity 
which  diftinguifh  the  prefent  age,  that,  if  it  were  not  for  the  provifion 
which  is  made  in  our  Univerfities,  and  other  Seminaries,  for  the  propaga- 
tion of  found  learning  of  every  kind,  tnere  would  be  fome  reafon  to  ap- 
prehend, that  all  the  more  abftrufe  and  difficult  branches  of  fcience  would 
be  excluded  from  the  modern  fyftem  of  education,  and  confequently  would 
fall  into  difefleem  and  negledt 

It  is  by  no  means  the  intention  of  this  Treatife  to  encourage  the  indo- 
lent fpirit  of  the  times,  by  opening  a bye-path  to  the  Temple  of  Philofophy. 
The  known  and  beaten  road  is  the  fafeft  and  the  beft.  It  has  been  with 
the  view  of  affifting  the  ftudent  in  his  progrefs,  that  I have  attempted  to 
arrange  the  leading  truths  of  Natural  Philofophy  in  a perfpicuous  method, 
and  to  demonstrate  them  with  concifenefs  ; adding  a brief  defcription  of 
Experiments,  adapted  to  illuftrate  and  confirm  the  Propofitions  to  which 
they  are  refpedtively  fubjoined. 

Being  more  defirous  to  be  ufeful  than  to  appear  original,  I have  freely 
fele&ed  from  a variety  of  Authors  fuch  materials  as  fuited  my  defign. 
Thofe  who  are  converfant  with  this  clafs  of  writers  will  perceive  that, 
amongft  many  others,  I have  made  ufe  of  the  works  of  Newton,  Keil, 
Whijion,  Gravefande , Cotes , Smith , Heljham , Rowning , and  laftly,  Rnther- 
forth , whofe  arrangement  I have  in  part  adopted. 

With  refpedt  to  any  inaccuracies  or  miftakes  which  may  have  efcaped 
my  attention,  I muft  rely  on  that  candour,  which  thofe  who  are  beft  ac- 
quainted with  the  extent  and  difficulty  of  this  undertaking  will  be  moft 
inclined  to  exercife. 
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To  the  SECOND  LONDON  EDITION, 

By  the  EDITOR. 

IN  laying  before  the  public  a new  edition  of  u The  Inflitutes  of  Natural 
Pbilofophy , by  the  late  Dr.  Enfold ^ the  Editor  feels  it  incumbent  on 
him  to  affure  the  Reader,  that  he  has  endeavoured,  as  far  as  was  confident 
with  an  elementary  book,  to  avail  himfelf  of  thofe  advantages  which  the 
publication  of  new  difcoveries,  and  new  works  in  fcience,  has  afforded 
him  ; and  although  the  limits  of  an  advertifement  will  not  allow  him  to 
particularize  all  the  additions  that  will  be  found  interwoven  with  the 
various  parts  of  the  volume,  yet  it  may  be  expeCted  that,  in  this  place, 
fome  notice  fhould  be  taken  of  the  mod  material  of  them  ; and  it  is  pre- 
l'umed  that  the  following  account  will  be  deemed  fufficient  for  the  purpofe. 

In  the  fird  book,  the  propofitions  on  the  divifibility  of  matter,  and  the 
attraction  of  cohefion,  are  more  fully  difcufled,  and  a very  ufeful  corollary 
is  drawn  from  that  on  the  attraction  of  capillary  tubes.  To  the  fird  and 
third  propofitions  of  the  fecond  book,  confiderable  additions  are  fubjoined  ; 
and  in  the  fecond  chapter  is  inferted  a new  propofition,  from  which,  in 
conjunction  with  others,  are  deduced  many  corollaries  and  fcholiums, 
connected  with  the  remaining  parts  of  the  book.*  Several  examples  are 
alfo  given  in  the  two  fird  feCtions  of  the  fifth  chapter,  which  will  be 
found  ufeful  to  the  young  dudent  as  illudrative  of  the  theory  of  falling 
bodies. 

In  the  third  book  is  given,  independently  of  the  additions  noticed  in 
the  margin,']'  an  important  propofition  on  the  fpecific  gravities  of  bodies, 

with 

* Sec  Prop.  A,  (p.  14.)  and  Cors.  Schols.  & c.  to  Prop.  14,  17,  24,  26,  28,  30,  31,  36,  44, 
46,  49>  5Z>  5 3 » 54.  57>  and  58. 

t See  additions  to  Prop.  3,  6,  12,  13,  18,  A,  (p.  103)  50,  and  55. 
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with  which  are  connected  examples,  and  a table  of  the  comparative  weights 
of  many  of  the  moft  ufeful  fubftances  in  nature.  Defcriptions,  accompa- 
nied with  figures,  are  likewife  given  of  the  Pyrometer,  Air-pump,  Barom- 
eter, with  its  application  to  the  meafuring  of  altitudes,  &c.  Farenheit’s 
Thermometer,  with  a Table  of  Heat ; different  kinds  of  Hygrometers,  the 
Steam-engine,  and  the  Hydrometer. 

The  piincipal  additions  to  the  book  of  Optics,  will  be  found  connected 
with  the  propofitions  mentioned  below  in  the  courfe  of  which  are  in- 
troduced, Mr.  Delavafs  Theory  of  Colours  j brief  accounts  of  Dr.  Blair’s 
achromatic  Lenfes,  and  Dr.  Herfchel’s  grand  Telefcope. 

On  the  fubjeCt  of  Aflronomy,  are  arranged  under  the  different  articles, 
feveral  ufeful  Tables,  and  the  important  difcoveries  of  the  illuftrious  Dr. 
Herfchel,  which  have  been  carefully  feleCted  from  the  laft  twenty  volumes 
of  the  Philofophical  TranfaCtions.  The  reference  in  the  margin, j-  will 
direCt  the  reader  to  thofe  propofitions  to  which  the  moft  material  additions 
are  fubjoined. 

Some  valuable  treatifes,  on  Magnetifm  and  EleCtricity,  particularly  thofe 
of  Mr.  Cavallo,  having  appeared  fince  the  original  publication  of  this 
volume,  it  was  thought  neceffary  very  confiderably  to  enlarge  this  part  of 
the  work  ; and  it  is  hoped  that  the  principal  difcoveries  in  thefe  branches 
of  fcience  will  now  be  found  under  their  refpeCtive  heads. 

By  the  fuggeftion  of  a friend,  on  whofe  judgment  the  public  has  long 
placed  great  confidence,  it  has  been  deemed  proper  that  the  firft  principles 
of  Chemiftry  fhould  form  a part  of  the  prefent  volume  ; and  although 
we  have  chiefly  confined  ourfelves  to  the  interefting  difcoveries  of  the 
philofophers  Black,  Prieftley,  and  Lavoifier,  on  Heat  and  the  Factitious 

Airs, 

* See  Prop.  5,  13,  22,  A,  (p.  185)  42,  B,  (192)  61,  62,  66,  68,  69,  76,  D,  (p.  212)  94, 
122,  128,  144,  and  145. 

-f  See  Def.  1,  12.  Prop.  8,  1 6,  20,  32,  35,  39,  51,  57,  72,  78,  79,  83,  109,  116,  117,  118, 
119,  1 20,  123,  136,  167,  168,  177,  179,  A,  B,  (p.  351)  182,  183. 
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Airs,  it  is  neverthelefs  prefumed,  that  enough  has  been  faid  on  tliefe  fub- 
jeCts  to  render  the  dodirines  and  introductory  pra&ice  to  modern  chemif- 
try  perfectly  intelligible  to  any  perfon  who  may  be  defirous  of  farther 
profecuting  the  fludy  of  this  amufing  and  ufeful  fcience. 

The  Reader  ought  to  be  apprized,  that  befides  additions  to  the  old  plates, 
two  new  ones  are  now  given  : — one,  as  already  noticed,  accompanying 
defcriptions  of  feveral  pneumatic  and  hydraulic  machines,  and  the  other 
containing  figures  relating  to  fubjeCts  in  magnetifm,  eleftricity,  and 
chemiftry. 

It  is  hoped  that  the  augmentations  to  the  volume,  although  they  com- 
pofe  about  one-third  of  the  whole  work,  will  be  found  fuch  as  ought  at 
this  period,  to  be  comprehended  in  an  elementary  book  of  fcience  ; and 
that  the  fpeculations  of  Dr.  Herfchel,  towards  the  end  of  the  aftronomical 
part,  will  not  be  confidered  as  an  exception : they  are  at  leaft  the  fpecu- 
lations of  a great  mind,  and  capable  of  exciting,  in  every  well-difpofed 
heart,  emotions  of  intereft  and  exquifite  pleafure,  inafmuch  as  they  lead  to 
the  grandeft  and  molt  fublime  notions  of  the  great  Author  of  the  univerfe. 

The  Editor  will  only  add,  that  in  the  additions  to  this  work,  he  has 
uniformly  aimed  at  concifenefs  ; and  he  will  confider  his  exertions  well 
rewarded,  if  it  be  found,  by  a candid  and  difcerning  public,  that  he  has 
not  facrificed  perfpicuity  to  brevity,  and  that  he  has  not  omitted,  within 
his  prefcribed  limits,  any  material  article  that  might  ferve  to  render  the 
original  work,  in  its  prefent  enlarged  (late,  generally  acceptable  and  ufeful. 

May  14,  1799. 
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To  THIS  FIRST  AMERICAN  EDITION. 

The  principal  objeCt  in  undertaking  this  American  Edition  of  Dr. 
Enfield’s  Inflitutes  of  Natural  Philofophy  was  to  fupply  our  Colleges  with  a book, 
which  is  held  in  fo  high  eftimation  for  the  ufe  of  Students  in  recitations  to  their 
InftruCtors.  In  fome  of  thefe  feminaries  of  learning  Fergufon’s  Aflronomy  is 
recited,  and  in  one  or  more  of  them  after  the  exercifes  in  Enfield’s  Philofophy, 
exclufive  of  the  Agronomical  part.  It  was  the  opinion  of  the  Rev.  Dr.  Willard, 
Prefident  of  Harvard  College,  and  Profeffor  Webber,  that  it  would  be  a valuable 
improvement  in  this  part  of  Collegial  InflruCtion  to  fubflitute  Enfield’s  Aflron- 
omy  for  Fergufon’s,  provided  fome  additions  were  made,  which  fltould  be  equal- 
ly or  more  important  than  certain  Articles  in  the  latter,  particularly  thofe  relating 
to  the  Calculation  and  ProjeClion  of  Solar  and  Lunar  Eclipfes,  including  the 
neceffary  Tables.  On  account  of  fome  particular  circumftances,  meafures  were 
not  taken  to  make  the  propofed  additions  till  the  printing  was  far  advanced,  and 
aflurances  given,  that  it  would  be  finiflied  within  a fhort  period.  Flence  it  was 
extremely  difficult  to  execute  the  plan.  Profeffor  Webber,  however,  confented 
to  attempt  what  then  feemed  to  be  practicable,  and  what,  it  was  hoped,  might  in 
fome  good  degree  anfwer  the  purpofe.  And  there  appears  to  be  a propriety  in 
giving  a particular  account  of  the  alterations,  that  have  been  made. 

The  errors,  which  occurred,  are  corrected.  And  it  was  thought  expedient  to 
retain  the  Introduction  to  the  Firft  Principles  of  Chemiftry,  but  to  annex  it  as 
an  Appendix. 

A change  is  made  in  the  order  of  the  branches  by  inferting  Magnetifm  and 
EleCtricity  between  Pneumatics  and  Optics,  inftead  of  placing  them  after  Aftron- 
omy  ; as  it  wras  thought  a more  natural  and  ufeful  arrangement  for  a regular 
courfe  of  InflruCtion,  the  propriety  of  clofing  with  Altronomy  being  particu- 
larly obvious. 

In  the  Agronomical  part  the  alterations  are  comprifed  in  a few  particulars, 
the  fubflance  of  w'hich  is  alrnoft  entirely  taken  from  Fergufon’s  Aflronomy,  as 
well  as  the  figures,  to  which  they  refer.*  An 

* The  particular  additions  are  the  explanation  of  the  circles  of  perpetual  apparition  and  occultation  under 

Prop.  XX. — Scholium  a to  Prop.  LX.—  Scholium  to  Prop.  LXXXII. — Scholium  to  Prop.  CXIV Explanation  of 

the  figures  of  orbits  of  Satellites  under  Scholium  to  Prop.  CXV1. — Scholium  to  Prop.  CXLII1. — Cor.  to  Prop. 
CLXXIII. — Cor.  to  Prop.  CLXXV.  A fmall  alteration  is  made  in  the  denionftration  of  Prop.  CXIX.  The  Seholium 
to  Prop.  CXIX.  and  Scholium  3 to  Prop.  CXX.  are  omitted.  The  figures,  together  with  four  projections  of 
eclipfes,  which  arc  alfo  added  with  the  Appendix  to  the  Aflroaomical  part,  fill  two  plates. 
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An  Appendix  of  about  80  pages  is  fubjoined  to  the  Aftronomical  part,  and 
conftitutes  the  mod  diftinguifhing  and  important  peculiarity  of  this  Edition.  It 
contains  the  mod  ufeful  Solar  and  Lunar  Tables,  and  a Table  of  Logidical  Log- 
arithms, together  with  their  explanation,  and  twenty-two  Problems,  illudrating 
their  ufe  and  application,  and  exemplifying  the  Projection  of  Eclipfes.  Thefe 
are  felected  from  a work  of  Mr.  Alexander  Ewing,  Teacher  of  Mathematics  at 
Edinburg,  entitled  <c  Practical  Adronomy,”  and  publilhed  in  1797.  With  refpeCt: 
to  the  Projection  of  Eclipfes,  there  is  a fmall  alteration  in  making  two  didinCt 
Problems  for  the  Lunar  and  Solar  Projections,  indead  of  placing  them  under  the 
refpeCtive  Problems  for  calculating  thofe  Eclipfes.  And  two  Notes  are  added  to 
the  Problem  for  projecting  a Solar  Eclipfe.  The  former  contains  the  neceffary 
directions  for  a different  mode  of  projection  j and  the  latter  the  Rev.  Prefident 
Willard’s  Method  of  finding  the  point  on  the  fun’s  limb,  where  a Solar  Eclipfe 
begins  ; the  knowledge  of  which  point  is  of  great  importance  to  obfervers. 

In  the  whole  execution  of  the  work  it  has  been  the  unfeigned  endeayour  .of 
the  Editors  to  merit  the  approbation  of  the  Public, 

Boston,  t January , 1803. 
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Page  40,  line  46,  for  Gga,  read  gGn. 

Page  79,  line  17  and  18,  inllead  of  “ (for  El.  I.  13) 
RPI,  IPZ,  are  equal  to  HPR,  HPZ ; and  taking  away 
the  common  part  HPI,”  read  for  (Simfon’s  Conic  Sedb 
II.  11  Cor.) 

Page  8J,  line  1 5,  for  C,  read  D. 

Page  no.  Experiments  9,  10,  n,  ij  and  13  do  not 
fliew  the  truth  of  the  Prppofition,  under  which  they  are 
placed.  In  Ex.  12  the  efFedt  is  produced  hy  the  elajlicity 
of  air  ; and  in  Exps.  9,  xo,  ri  and  13  by  the  increafed  dajlic- 
ity  of  candenfed  air. 

In  Ex.  6 the  afcent  of  the  water  may  be  attributed 
to  the  tii eight  or  elajlicity  of  the  air,  according  a9  theje  is 
s free  communication  or  not  with  the  external  air. 


Page  IT  1,  line  s,  after  “ incidence”  infert,  and  refrac- 
tion. 

Page  282,  line  6 from  bottom,  and  in  the  margin  op- 
pofite,  for  Plate  1.  Fig.  44.  read  Plate  14.  Fig.  1. 

Page  291,  line  4,  for  Fig.  14.  Plate  2.  read  Plate  14 
Fig.  2.  as  in  the  margin  oppoiite. 

■Page  305,  line  i,  and  in  the  margin  oppofite,  for  Plate 
15.  read  Plate  14. 

Page  318,  line  9 from  bottom,  and  in  the  margin  op- 
pofite, for  Plate  14.  read  Plate  15. 

Page  366.  Add  1"  to  the  difference  of  longitude  in 
time  between  Greenwich  and  Cambridge,  that  is,  call 
it  4I1.  44m.  28",  and  make  the  corrections,  that  this  al- 
teration requires, 
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OF  MATTER. 

Definition  I.  IN^XaTTER  is  an  extended,  folid,  inactive,  and  move- 

able  fubftance. 

Scholium.  Extenfion  and  folidity  are  difcovered  to  be  properties  of  matter  by  the 
fenfes.  Both  by  the  fight  and  touch  we  perceive  material  fubftances  to  have  length,  breadth 
and  thicknefs,  that  is,  to  be  extended  : and  from  the  refiftance  which  they  make  to  the 
touch,  we  acquire  the  idea,  and  infer  the  property,  of  folidity.  It  is  unneceflary  here  to 
inquire  whether  folidity  necefiarily  fuppofes  impenetrability.  Natural  Philofophy,  being 
employed  in  inveftigating  the  laws  of  nature  by  experiment  and  obfervation,  and  in  explain- 
ing the  phenomena  of  nature  by  thefe  laws,  has  no  concern  with  metaphyfical  fpeculations, 
which  are  generally  little  more  than  unfuccefsful  efforts,  to  extend  the  boundaries  of  human 
knowledge  beyond  the  reach  of  the  human  faculties. 

Def.  II.  A body  is  any  portion  of  matter. 

Corollary.  All  bodies  have  fome  figure  * for,  being  portions  of  matter,  they  are 

finite,  and  therefore  bounded  by  lines  either  ftraight  or  curved. 

* 

PROPOSITION  I. 

Matter  is  infinitely  divifible,  or  is  capable  of  being  divided  beyond 
any  fuppofed  divifion. 

i.  Any  particle  of  matter,  placed  upon  a plane  furface,  has  an  upper  and  a lower  fide, 
or  a part  which  touches,  and  another  which  does  not  touch  the  plane,  and  is  therefore 
divifible. 
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Plate  x. 
F'g-  i. 


Plate  I. 
Fig.  a. 


2.  Let  CO,  MD,  be  two  parallel  right  lines,  to  which  let  AB  be  drawn  perpendicular. 

In  the  line  MD,  on  one  fide  of  the  perpendicular  AB,  take,  at  fequal  diltances,  the  points 
E,  F,  G,  H.  On  the  other  fide  of  AB,  in  the  line  CO,  take  any  point  C,  and  join 

CE,  CF,  &c.  Each  of  the  lines  CE,  CF,  &c.  will  cut  off  a portion  from  AB  : But 

whatever  number  of  lines  be  drawn  in  the  fame  manner  from  C to  MD  produced,  there 
will  Hill  remain  a portion  of  AB  not  cut  off,  becaufe  no  line  can  be  drawn  from  the  point 
C to  the  line  MD,  which  {hall  coincide  with  CO  : The  line  AB  is  therefore  infinitely 
divifible. 

3.  Let  the  right  lines  AC  and  GH  be  drawn  perpendicular  to  the  right  line  BF.  In 
AC,  produced  at  pleafure,  take  any  points  C,  C,  Sec.  from  which  as  centres,  with  the 
diffances  CA,  CA,  Sec.  deferibe  ares  of  circles  KAL,  NAO,  Sec.  touching  BF  in  the 
point  A,  and  cutting  HG.  The  farther  the  central  point  is  taken  from  A,  the  greater 
will  be  the  circles,  and  the  nearer  will  the  arcs  approach  to  the  line  BF  ; but  (El.  hi.. 
Pr.  16.  Cor.)  the  arcs,  touching  BF  in  A cannot  touch  it  in  any  other  point.  The  line 
IIG  is  therefore  infinitely  divifible. 


From  this  proportion  the  following  theorems  are  derived  by  Dr.  KeiFj 
in  his  fifth  ledture. 

Theorem  i.  Any  quantity  of  matter,  however  fmall,  and  any  finite  fpace,  however 
large,  being  given,  (as  for  example,  a cube  circumfcribed  about  the  orb  of  Saturn)  it  is- 
pofiible  for  the  fmall  quantity  of  matter  to  be  diffufed  throughout  the  whole  fpace,  and  ta 
fill  it  fo  that  there  fiiall  be  no  pore  or  interftice  in  it,  whofe  diameter  {hall  exceed  a given, 
finite  line. 

Cor.  Hence  there  may  be  given  a body,  whofe  matter,  if  it  be  reduced  into  a fpace- 
abfolutely  full  ; that  fpace  may  be  any  given  part  of  its  former  magnitude. 

Theorem  ii.  There  may  be  two  bodies  of  equal'^bulk,  whofe  quantities  of  matter 
being  unequal,  in  any  proportion  ; yet  the  fum  of  their  pores,  or  quantity  of  void  fpace  in 
each  of  the  two  bodies,  fhall  be  to  each  other  nearly  in  a ratio  of  equality. — Example. 
Suppofe  1000  cubic  inches  of  gold,  when  reduced  into  a fpace  abfolutely  full  to  be  equal  to 
one  cubic  inch  : then  1000  cubic  inches  of  water,  which  is  19  times  lighter  than  gold,  will, 
when  reduced,  contain  -^th  part  of  an  inch  of  matter.  Confequently  the  void  fpaces  in 
the  gold,  will  be  to  thofe  in  water  as  999  to  999  or  nearly  in  the  ratio  of  equality. 

In  the  prefent  ftate  of  knowledge,  it  is  impoffible  to  determine  how  far  the  divifion  of 
matter  can  be  actually  carried,  or  whether  there  he  any  indivifible  atoms  by  the  arrange- 
ment and  combination  of  which  all  fenfible  bodies  are  formed.  We  are,  however,  furnifhed 
both  by  art  and  nature  with  many  aftonifhing  inftances  of  minute  divifion. — If  a pound  of 
filver  and  a grain  of  gold  be  melted  together,  the  gold  will  be  equally  diflufed  through  the 
whole  filver;  and  if  a grain  of  the  mafs,  containing  only  the  5761th  part  of  a grain  of 
gold,  be  diffolved  in  aqua  fortis,  the  gold  will  fubfide.  « 
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A grain  of  gold  may  be  fpread  by  the  gold-beater  into  a leaf  containing  50  fquare  inches, 
and  this  leaf  may  be  divided  into  500.000  parts  : and  by  a microfcope,  magnifying  the 
diameter  of  an  objedf  to  times,  and  its  area  100  times,  the  100th  part  of  each  of  thefe,  that 
is,  the  50  millionth  part  of  a grain  of  gold  will  be  vifible. 

The  natural  divifions  of  matter  are  (till  more  wonderful.  In  odoriferous  bodies  a fur- 
prifing  fubtilty  of  parts  is  perceived  : feveral  bodies  fcarcely  lofe  any  fenfible  part  of  their 
weight  in  a great  length  of  time,  and  yet  continually  fill  a very  large  fpnee  with  odoriferous 
particles.  Dr.  Keill  has  computed  the  magnitude  of  a particle  of  aifafeetida  to  be  only 
I .ooo.oo3.ouj  000.000. oooth  part  of  a cubic  inch.  Again,  Mr.  Leewenhoeck  informs  us  that  there 
are  more  animals  in  the  milt  of  a cod-fifh  than  there  are  men  on  the  whole  earth,  and  a 
fmgle  grain  of  fand  is  larger  than  four  millions  of  thefe  animals.  Moreover,  a particle  of 
the  blood  of  one  of  thefe  animalcula  has  been  found,  by  calculation,  to  be  as  much  fmaller 
than  a globe  of  the  Toth  of  an  inch  in  diameter  ; as  that  globe  is  fmaller  than  the  whole 
earth.  Neverthelefs,  if  thefe  particles  be  compared  with  the  particles  of  light,  they  will 
be  found  to  exceed  them  in  bulk  as  much  as  mountains  do  fugle  grains  of  fand. 

Thefe  inftances  may  ferve  to  (hew  the  amazing  finenefs  of  the  parts  of  bodies  which  are 
r.everthelefs  compounded.  Gold,  when  reduced  to  the  fineft  leaf,  ftill  retains  thofe  proper- 
ties which  arife  from  the  modifeations  of  its  parts.  Microfcopic  animalcula  are,  without 
doubt,  organized  bodies,  and  the  globules  of  their  blood  are  poffetfed  of  fpecific  qualities. 
Even  the  rays  of  light  are  compounded  of  an  indefinite  variety  of  particles,  which,  when 
feparated,  have  the  power  of  exciting  the  ideas  of  colours. 

Def.  III.  That  force  by  which  the  parts  of  the  fame  body,  or  of 
different  bodies,  on  their  contaCb,  or  near  approach,  are  united  to  or  tend 
towards  each  other,  is  called  the  attradion  of  cohcjion. 

♦ 

PROP.  II.  The  attraction  of  cohefion  appears  in  folid  bodies. 

Exp.  1.  Obfcrve  the  different  degrees  of  cohefion  in  different  kinds  of  wood,  fufpending 
■weights,  from  pieces  of  equal  diameter,  placed  vertically  or  horizontally,  till  they  break. 

2.  Meafure  the  different  degrees  of  cohefion  in  filk,  thread,  horfe  hair,  &c.  by  weights 
fufpended  from  cords  of  each,  placed  vertically  or  horizontally. 

The  refult  of  fundry  experiments,  made  by  profeffor  Muffchenbroek,  to  fhew  the  cohefive 
power  of  different  folids,  may  be  feen  in  the  following  table.  In  eftimating  the  abfolute 
cohefion  of  folid  bodies,  he  applied  weights  to  feparate  them  according  to  their  length  : the 
pieces  of  wood  which  he  ufed  were  parallelopipedons,  each  fide  of  which  was  TV^ths  of 
an  inch,  and  the  metal  wires  made  ufe  of  were  T‘5th  of  a Rhinland  inch  in  diameter,  and 
they  were  drawn  afunder  by  the  following  weights  : 
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lb 

ft 

Fir  - 

- - - 600 

Copper  - - - - 

299i 

Elm  - 

- - - 950 

Brafs  - - - - 

360 

Alder 

- - - 1000 

Gold 

500 

Oak  - 

- - - 1150 

Iron  ----- 

4jd 

Beech 

- - - 1250 

Silver  - - - - 

37° 

Afli  - 

- - - 1250 

Tin 

49i 

Lead  - - 

- - - 2 9i 

PROP.  III. 

The  attraction  of  cohefion  takes  pi 

ace  between  particles 

of  the  fame  fluid. 

Exp.  i.  A drop  of  water,  at  the  end  of  a fmall  cylinder  of  wood,  will  hang  in  a 
fpherical  form.  The  drop  is  fpherical,  becaufe,  each  particle  exerts  an  equal  power  in  every 
direction,  drawing  other  particles  towards  it  on  every  fide  as  far  as  its  power  extends. 

2.  Two  globules  of  mercury,  on  meeting,  unite,  which  union  can  arife  only  from  their 
ftrong  attraction.  Drops  of  water  will  do  the  fame. 

PROP.  IV.  The  attraction  of  cohefion  takes  place  between  two  folid 
bodies  of  the  fame  kind ; and  the  more  perfect  the  contaCt,  the  greater 
is  the  attracting  force. 

Exp.  i.  Two  plates  of  glafs  laid  together,  though  perfectly  dry,  will  cohere. 

2.  Two  leaden  balls,  having  each  a flat  furface  of  a quarter  of  an  inch  in  diameter,  fcraped 
fmooth,  on  being  forcibly  put  together,  will  cohere  fo  ftrongly  as  fometimes  to  require  a 
weight  of  nearly  ioo  lb.  to  feparate  them. 

3.  Two  polilhed  plates  of  brafs,  fmeared  with  oil,  will  cohere  ftrongly. 

M.  Muflchenbroek  found  that  the  adhefion  of  polifhed  planes,  about  two  inches  in  diame- 
ter, heated  in  boiling  water,  and  fmeared  with  greafe,  required  the  following  weights  to 
feparate  them  : 


Cold  Greafe. 

Hot  Greafe. 

Planes  of  Glafs  - 

- - 13°ft 

3°°ft 

Brafs  - 

- - 150 

800 

Copper 

- - 200 

850 

Marble 

- - 225 

600 

Silver  - 

- - X50 

250 

Iron 

- - 30O 

95° 

PROP. 
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PROP.  V.  The  attraction  of  cohefion  takes  place  between  folids  and 
Fuids. 

Exp.  i.  A plate  of  glafs,  or  metal,  will  retain'  drops  of  water,  or  mercury,  when 
inverted. 

2.  If  a plate  of  glafs  be  in  part  immerfed  in  a vefiel  of  water,  the  water  which  lies  con- 
tiguous to  the  glafs  will  rife  above  the  level. 

3.  Water  rifes  above  its  level  between  two  parallel  plates  of  glafs  at  a fmall  diftance 

from  each  other,  and  in  a glafs  tube  having  a fine  bore,  called  a capillary  tube. 

4.  The  fluid  will  rife  between  parallel  plates,  and  in  capillary  tubes,  in  vacuo.  Hence 
it  appears,  that  the  afeent  of  fluids  in  capillary  tubes  is  not  owing  to  the  preffure  of  the  air. 

5.  Human  blood  will  rife  to  a great  height  in  a tube  having  an  exceedingly  fine  bore. 

6.  Water  will  afeend  in  the  cavities  of  fponge,  fugar,  and  other  porous  bodies. 

7.  If  a drop  of  oil  be  poured  upon  a .jplate  of  glafs  laid  horizontally,  and  another  plate 
of  glafs  be  fo  placed  as  to  meet  the  firft  plate  at  one  edge,  and  be  at  fuch  a diftance  from 
it  at  the  other,  as  juft  to  touch  the  drop  of  oil;  this  drop,  becaufe  its  touching  furface  is 
continually  enlarging,  will  move  with  increafihg  velocity,  towards  that  edge.  If  the  planes 
be  lifted  up  on  the  fide  where  they  meet,  the  motion  will  be  retarded,  flopped  or  reverfed, 
according  to  the  degree  of  elevation. 

8.  The  fame  phenomenon  takes  place  in  a tube  of  unequal  bore. 

9.  Two  glafs  bubbles,  floating  near  each  other  on  water,  rufh  together. 

10.  A glafs  bubble  floating  on  water  in  a glafs  veffel,  moves  towards  the  fide  of  the 
vefiel.  ' 

11.  Two  circular  pieces  of  cork  placed  upon  water,  and  brought  near  each  other,  will 
be  attracted. 

12.  A circular  piece  of  ice,  two  inches  and  a half  in  diameter,  exactly  balanced  and 
brought  to  touch  the  furface  of  fome  mercury,  will  be  fo  ftrongly  attracted  by  the  mercury, 
as  to  require  more  than  nine  pennyweights,  in  the  oppofite  fcale,  to  reftore  the  equilibrium. 

13.  A piece  of  wood  having  a fmopth  and  plane  furface,  fufpended  from  a beam  and 
balanced,  on  touching  a furface  of  water,  will  be  attracted  ; and  it  will  require  an  additional 
weight  in  the  oppofite  fcale  to  feparate  them. 

Scholium  i.  As  it  is  by  the  attraction  of  cohefion  that  the  parts  of  a body  are  kept 
together ; fo  when  a body  is  broken  this  attraction  is  only  overcome.  Hence  the  reafon  of 
foldering  of  metals  ; glueing  of  wood,  & c.  Hence  alfo  may  be  explained  why  fome  bodies 
are  hard , others  foft,  and  others  fluid,  which  properties  may  refult  from  the  different  figures 
ol  the  particles,  and  the  greater  or  lefler  degree  of  attraction  confequent  thereupon.  El, fli- 
nty may  aiife  from  the  particles  of  a body,  when  disturbed,  not  being  drawn  out  of  each 
other’s  attraction  j as  foon,  therefore,  as  the  force  upon  it  ceafes  to  act,  they  reftore  them- 
felves  to  their  former  pofition. 
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Scholium  rr.  Solids  ore  difiolved  in  menftruums  from  the  particles  of  the  folid  being 
v ore  attracted  to  the  fluid  than  to  themfclves.  Precipitation  arifes  from  a like  caufe  ; for  if 
to  the  folution  of  any  folid  in  a fluid,  fume  other  folid  or  fluid  be  added,  the  particles  of 
whjch  are  attracted  by  the  u.uid  with  a greater  force  than  thole  of  the  foiid  which  was  dif- 
folved,  the  folid  falls  to  the  bottom  in  a fine  potvdor.  Thus  Giver  difiolved  in  aqua  fortis  is 
precipitated  by  copper. 


PROP.  VI.  The  heights  to  which  a fluid  fifes  between  parallel  plates 
of  glafs  are  inverfely  as  the  diftances  of  the  plates. 

Ihe  abfolute  attractive  force  of  the  plates,  will  always  remain  the  fame,  whatever  be 
the  diftance  of  the  plates.  The  fame  weight  of  fluid  mull,  therefore,  at  different  diftances 
of  the  plates,  be  fupported.  But  the  quantity  of  fluid  fupported  can  only  continue  the 
fame,  when  the  height  of  the  column  fupported  is  reciprocally  as  its  bafe.-,  drat  is,  when  as 
much  as  the  height  is  increafed  die  bafe  is  diminilhed,  and  the  reverfe.  Now,  the  length 
of  tire  bafe  remaining  unvaried,  the  bafe  can  only  be  made  greater  or  lefs,  by  increafing  or 
diminiihing  the  diftance  between  the  plates.  Therefore,  the  force,  and  the  quantity  of 
fluid  fupported,  remaining  the  fame,  the  height  will  be  greater  as  the  diftance  of  the  plates 
is  lefs,  and  the  reverfe. 

Let  Hy  By  Dy  exprefs  the  height,  bafe  and  diftance,  --when  the  plates  are  at  any  given 
diftance,  and  h,  b,  d,  exprefs  the  fame  when  they  are  brought  nearer  : from  what  has  been 
ihewn,  H : h : : b : B ; but  b : B : : d : D ; therefore  H : h : d : D. 

Exp.  Let  two  parallel  plates  of  glafs  be  immerfed,  at  different  diftances  from  each  other, 
in  a vcflel  of  coloured  water. 

PROP.  VII.  The  fufpenfion  of  the  fluid,  in  capillary  tubes,  is  owing 
To  the  attraction  of  the  ring  of  glals  contiguous  to  the  upper  furface  of 
the  fluid.* 

Every  ring  of  glafs  below  the  furface  attracts  the  water  above  it  as  much  downwards,  as 
it  attracts  the  water  below  it  upwards,  and  confequently  can  contribute  nothing  towards  the 
fupport  of  the  column  : and  the  a&ion  of  the  loweft  ring  upon  all  the  fluid  in  the  tube, 
within  its  furface  of  attraction,  muft  either  concur  with  the  force  of  gravity  to  bring  the 
fluid  downwards,  or,  aCting  upon  it  at  right  angles,  can' have  no  effeCt  in  fufpending  it 
within  the  tube.  The  fluid  therefore  can  only  be  fupported  by  the  ring  of  glafs  contiguous 

to 

•This  propofition  has  been  difputcd.  Dr.  Hamilton,  in  his  fecond  ledture,  fnppofes  that  the  fufpenfion  arifes 
from  the  attraction  of  the  annulus  lying  juft  within  the  lower  orifice  of  the  tube.  But  Mr.  Parkinfon  rejedts  both 
fuppofitions,  and  concludes,  that  the  fluid  is  fuftained  by  the  immediate  attraction  of  the  glafs.  See  Pai kinfou  s 
Hydroftatics,  p.  39. 
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to  its  upper  furface,  which,  attracting  upwards,  oppofes  the  aCtion  of  gravitation  by  which 
the  fluid  endeavours  to  defcend. — This  reafoning  may  be  applied  to  the  fluid  raifed  between 
parallel  plates  of  glafs. 

Ex?.  Let  a capillary  tube  be  compofed  of  two  parts,  the  bore  of  one  of  which  is  wider 
than  that  of  the  other  : immerfe  its- wider  orifice  in  water,  till  it  is  filled  to  any  height  lefs 
than  the  length  of  the  wider  part  •,  the  fluid  will  only  rife  to  the  height  to  which  it  would 
rife  if  the  tube  were  throughout  of  the  fame  bore,  with  the  wider  part : but  immerfe  the  tube 
till  the  fluid  enters  the  fmaller  part,  and  the  whole  column  will  be  fufpended,  provided  its 
length  do  not  exceed  that  of  the  column  which  a tube  of  the  fmaller  bore  is  capable  of 
fupporting. 

Hence  it  is  manifefl:,  that  the  water  is  fuftained  by  the  attraction  of  the  narrower  part  of 
the  tube,  for  the  wider  part  could  not  fuftain  fo  long  a column  : it  is  alfo  manifefl:,  that  it  is 
fultained  by  the  ring  contiguous  to  the  upper  furface  •,  for  if  it  were  fuftained  by  the  ring  at 
the  lower  furface,  no  reafon  could  be  afligned  why  this  ring  fhould  now  fupport  the  greater 
column  in  both  parts  of  the  tube,  when  it  was  belore  only  able  to  fuftain  a column  which 
filled  a part  of  the  wider  tube. 

Next,  let  the  tube  be  inverted,  and  the  water  be  raifed  into  the  lower  extremity  of  the 
wider  part  •,  when  the  fufpended  column  is  of  greater  length  than  that  which  a tube  of  the 
fame  bore  with  the  wider  part  is  capable  of  fuftaining,  it  will  immediately  fink  : whence  it 
is  manifeft,  that  the  fufpenfion  of  the  column  in  this  cafe  depends  upon  the  attraction  of  the 
wider  part  of  the  tube  ; for  the  narrower  part  could  fuftain  a larger  column  : and  alfo,  that 
it  is  fuftained  by  the  ring  contiguous  to  the  upper  furface  for  if  it  were  fuftained  by  the 
ring  at  the  lower  furface,  it  has  been  feen  that  this  ring  could  fupport  a much  longer  column. 

Sciiol.  The  reafon  why  the  narrower  or  wider  ring  fuftains  a column  of  the  fame 
length  in  the  unequal  tube  above  deferibed,  as  in  a tube  throughout  of  the  fame  diameter  as 
the  upper  ring,  is,  that  the  moving  forces  of  the  columns  are  in  both  cafes  the  fame  ; as 
will  be  more  fully  (hewn  hereafter.  Book  in.  Pr.  iv.  Cor. 


PROP.  VIII.  In  capillary  tubes,,  the  heights  to  which  the  fluid  rifles 
are  inverflely  as  the  diameter  of  the  bores. 

The  fluid  being  fufpended  (Prop.  VII.)  by  the  ring  of  glafs  contiguous  to  the  upper 
furface,  and  the  diftance  to  which  the  attracting  force  of  glafs  reaches  being  unvaried  ; the 
attracting  force  which  fuftains  the  fluid  will  be  as  the  number  of  attracting  particles,  that  is, 
as  the  circumference,  or  diameter  of  the  ring,  or  of  the  tube.  Let  Q^,  q,  then, -reprefent 
the  quantities  of  fluid  to  be  raifed  in  two  tubes  of  different  bores  ; D,  d , the  diameters  of 
their  bores ; and  H,  h,  the  heights  to  which  fluids  rife  in  the  tubes  j becaufe  Q^,  q , repre- 
fent two  cylinders  of  the  fluid,  from  the  properties  of  the  circle  and  cylinder  (El.  XII.  2, 
11,  and  14.)  Qj  q : : DDH  ; ddb  ; and  from  the  nature  of  this  attraction,  which  is  as  the 
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diameters  of  the  tubes,  Qj  q : : D : d : therefore  DDH  : ddh  : : D : d ; and  confequently 
D : d : h : H. 

Cor.  From  this  proposition  it  appears,  that  in  any  glafs  capillary  tube,  the  height  to 
which  it  will  elevate  water,  and  keep  it  fuftained,  multiplied  into  the  diameter  of  the  tube, 
is  a given  quantity  ; this  is  found  by  experiment  to  be  .053  part  of  an  inch  •,  by  means  of 
this  value  the  diameter  of  a capillary  tube  being  given,  the  height  to  which  it  will  elevate 
water  will  be  known,  for  it  will  be  equal  to  .053,  divided  by  the  diameter  : thus  fuppofe 
the  diameter  is  Vo  of  an  inch,  the  height  to  which  the  water  will  be  elevated  =.053x20 
= 1.06. 

j 

Exp.  Let  two  tubes  of  different  bores  be  immerfed  in  a veffel  of  coloured  water  ; it 
will  be  found,  that  the  water  will  rife  as  much  higher  in  a fmaller  tube,  as  the  diameter  of 
its  bore  is  lefs  than  that  of  the  larger  tube. 


PROP.  IX.  Between  two  glafs  plates,  meeting  on  one  fide,  and  kept 
open  at  a fmall  diftance  on  the  other,  water  will  rife  unequally  ; and  its 
upper  furface  will  form  a curve,  in  which  the  heights  of  the  feveral  points 
above  the  furface  of  the  fluid,  will  be  to  one  another  reciprocally  as  their 
perpendicular  diftances  from  the  line  in  which  the  plates  meet. 

Let  AE  be  the  furface  of  the  fluid  ; AF  the  line  in  which  the  plates  meet  ; HL  the  curve 
formed  by  the  furface  of  the  raifed  fluid  ; GB,  1C,  KD,  LE,  perpendicular  to  AE,  expreffmg 
the  heights  of  the  refpe&ive  points  G,  I,  K,  L,  in  the  curve,  above  the  furface  of  the  fluid, 
and  AB,  AC,  AD,  AE,  perpendiculars  to  AF,  expreffmg  the  diftances  of  the  fame  points 
from  the  line  in  which  the  plates  meet  : thefe  heights  and  diftances  are  reciprocally  propor- 
tional. For,  let  the  lines  GB,  IC,  KD,  LE,  reprefent  pillars  of  fluid  of  an  equal  but 
exceedingly  fmall  breadth  : thofe  portions  of  the  glafs  plates,  which,  by  their  attraction,  fupport 
thefe  pillars,  being  equal,  will  fuftain  equal  quantities  of  fluid  •,  that  is,  the  pillars  will  be 
equal.  But  the  pillars  may  be  confidered  as  fimilar  parallelipipeds,  which  (El.  XI.  34.) 
are  equal  when  their  bafes  and  altitudes  are  reciprocally  proportional.  And  the  bafes,  being 
equal  in  breadth,  are  as  their  lengths,  that  is,  as  the  intervals  between  the  plates  : and  fince 
the  intervals  continually  increafe  as  the  diftance  from  the  line  in  which  the  plates  meet  in- 
creafes,  thefe  intervals,  at  the  points  B,  C,  D,  E,  are  as  their  diftances  AB,  AC,  AD,  AE, 
from  the  line  AF.  Since,  then,  the  heights  of  the  pillars, are  reciprocally  as  the  intervals, 

the  heights  GB,  1C,  &c.  are  reciprocally  as  the  diftances  AB,  AC,  &c. 

v 

Expi  Let  coloured  water  rife  between  two  glafs  plates  (their  inner  furfaces  being  firft 
moiftened)  meeting  on  one  fide  according  to  the  propofition. 
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PROP.  X.  Some  bodies  appear  to  pofiefs  a power  the  reverfe  of  the 
attra&ion.  of  cohefion,  called  repulfion. 

Exp.  i.  If  a piece  of  iron  be  laid  upon  mercury,  the  furface  of  the  mercury  near  the 
iron  will  be  deprefied. 

2.  A fine  needle  laid  upon  water  will  fwim. 

3.  Two  circular  plates  of  tinfoil  being  placed  upon  water,  and  prefled  down  by  a {mail 
additional  weight  upon  their  furface,  repelling  the  water,  will  have  a cavity  round  them  : 
but  when  they  are  brought  near  each  other,  they  will  rulh  together  •,  the  re-aftion  of  the 
water  on  the  outer-fide  of  the  plates  being  greater  than  the  re-a6tion  on  the  inner-fide,  where 
the  two  cavities  produced  by  repulfion  are  united. 

4.  Mercury  poured  into  a recurved  glafs  tube,  having  the  bore  on  one  fide  exceedingly 
fine,  and  on  the  other  large,  will  not  rife  fo  high  in  the  narrow,  as  in  the  wide  bore  : water 
will  rife  higher. 

Melted  glafs  dropped  into  water  form  globules  with  a Hem  (called  prince  Rupert’s 
drops)  which  on  breaking  the  Item  will  burft  with  great  violence,  and  fall  into  powder. 

PROP.  XI.  All  bodies  on  or  near  the  furface  of  the  earth  tends  to- 
wards its  centre,  by  the  attra&ion  of  gravitation. 

A (tone,  or  other  heavy  body,  let  fall,  will  move  towards  the  earth  till  it  meet  with 
fome  other  body  to  obftruCt  its  courfe.  And  bodies  move  in  lines  perpendicular  to  the 
furface,  becaufe  the  point  to  which  they  ultimately  tend  is  the  centre  of  the  earth,  and  the 
line  of  direction  produced,  coincides  with  the  radius,  and  is  at  right  angles  with  the  furface 
which  is  nearly  fpherical.  Some  bodies  afeend,  becaufe  they  are  acted  upon  by  a force 
greater  than  the  attraction  of  gravitation,  and  in  a contrary  direCtion.  Vapours,  fmoke,  &c. 
do  not  defeend,  becaufe  they  are  lighter  than  the  air,  and  fupported  by  it. 

Exp.  1.  Smoke  or  (learn  will  defeend  in  an  exhaufted  receiver. 

2.  Any  boiling  fluid  being  placed  in  a fcale  and  balanced,  the  balance  will  be  deftroyed 
by  evaporation. 

Schol.  1.  When  we  fpeak  of  attracting  powers,  we  do  not  attempt  to  explain  their 
nature,  or  aflign  their  caufes.  Having  derived  general  principles,  or  laws  of  nature,  from 
phenomena,  we  only  give  a name  to  thefe  principles,  in  order  to  explain  other  appearances 
by  them. 

Scnot..  2.  The  tendency  of  all  bodies  towards  the  earth  really  refults  from  their  ten- 
dency towards  the  feveral  parts  of  the  earth.  For  by  an  experiment  made  by  Ur.  Malkelyne 
upon  the  fide  of  the  mountain  Schchallien,  he  found  the  attraction  of  that  mountain  fufficient 
to  draw  the  plumb-line  fenfibly  from  the  perpendicular.  See  Phil.  Tranf.  Vol.  lxv.  or 
Sir  J.  Pringle’s  Difcourfes. 
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THE  DOCTRINE  OF  MOTION,. 


CHAP.  I. 

Of  the  General  Laws  of  Motion* 

PROPOSITION  I. 

EVERY  body  will  preferve  in  its  Rate  of  reft,  or  of  uniform  motion: 
in  a right  line,  until  it  is  compelled,  by  fome  force,  to  change  its 

ftate. 

Any  body  at  reft  on  the  furface  of  the  earth  wilt  always  continue  fo,  if  no  external  force 
be  imprefled  upon  it  to  give  it  motion,  and  if  the  obftacle  which  hinders  the  attraction  of 
gravitation  from  carrying  it  towards  the  centre  be  not  removed.  A body  being  put  into 
motion  by  fome  external  impulfe,  if  all  external  obftruClions  were  removed,  and  the  attrac- 
tion of  gravitation  fufpended,  would  move  on  for  ever  in  a right  line  ; for  there  would  be 
no  caufe  to  diminifti  the  motion,  or  to  alter  its  dire&ion.  This  cannot  be  fully  eftablifhed. 
by  experiment,  becaufe  it  is  impoffible  entirely  to  remove  all  obftru&ions  ; but,  fince  the  lefs 
obftruttion  remains  the  longer  motion  continues,  it  may  be  reafonably  inferred,  that  if  all 
obftacles  could  be  removed,  motion  once  communicated  to  any  body  would  never  ceafe. 

Exp.  i.  A body  at  reft  requires  fome  degree  of  force  to  put  it  into  motion  : and  when 
in  motion,  it  will  continue  to  move  longer  on  a fmooth  furface  than  on  a rough  one  j in- 
ftances  of  which  occur  in  the  ufe  of  friddion  rollers  ; in  the  exercife  of  Ikaiting,  &c. 

2.  If  a ftone  be  whirled  round  in  a firing,  on  being  fet  at  liberty  it  will  continue  to 
move  with  the  force  which  it  has  acquired. 

3.  If  a velfel  containing  a quantity  of  water  be  moved  along  upon  an  horizontal  plane, 
the  water  refilling  the  motion  of  the  vellel,  will  at  firft  rife  up  in  the  diredion  contrary  to 
that  in  which  the  moving  force  a£ts : when  the  motion  of  the  vefiel  is  communicated  to  the 

water 
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water  it  will  perfevere  in  this  flate  ■,  and  if  the  veffel  be  fuddenly  flopped,  refilling  the 
change  from  motion  to  reft,  it  will  rife  up  on  the  oppofite  fide,  In  like  manner,  if  a horfe 
which  was  (landing  {till,  fuddenly  ftarts  forwards,  the  rider  will  be  in  danger  of  being 
thrown  backwards,  if  the  horfe  ftops  fuddenly,  the  rider  will  be  thrown  forwards. 

Schol.  This  propofition  fuggefts  two  methods  of  diftinguifhing  between  abfolute 
and  apparent  motions,  (i.)  Abfolute  motion,  or  change  of  abfolute  motion,  may  fome- 
times  be  diftinguifhed  from  apparent,  by  confidering  the  caufes  which  produce  them.  When 
two  bodies  are  abfolutely  at  reft,  they  are  relatively  fo  •,  and  the  appearance  is  the  fame  when 
they  are  moving  at  the  fame  rate,  and  in  the  fame  direction  : a relative  motion,  therefore, 
can  only  arife  from  an  abfolute  motion  in  one  or  both  of  the  bodies,  which  (by  the  Prop.) 
cannot  be  produced  but  by  force  imprefled.  Hence,  then,  if  we  know  that  fuch  a caufe 
exifts,  and  adls  upon  one  of  the  bodies,  and  not  upon  the  other,  we  may  conclude  that  the 
relative  motion  arifes  from  a change  in  the  (late  of  reft,  or  abfolute  motion  of  the  former  \ 
and  that  with  refpedt  to  the  latter,  the  effect  is  merely  apparent.  Thus  when  a perfon  on 
board  a {hip  obferves  the  coaft  receding  from  him,  he  knows  the  appearance  arifes  from  the 
motion  of  the  fhip  upon  which  the  wind  or  tide  is  adting. 

•(2.)  Abfolute  motion  may  fometimes  be  diftinguifhed  from  apparent  by  the  ejfeEls  pro- 
duced. A body  in  abfolute  motion  endeavours  to  proceed  in  the  line  of  its  diredtion  : if  the 
motion  be  only  apparent,  there  is  no  fuch  tendency.  It  is  in  confequence  of  the  tendency 
to  perfevere  in  a redtilinear  motion  that  a body  revolving  in  a circle  conftantly  endeavours  to 
recede  from  the  centre.  This  effort  is  called  a centrifugal  force  ; and  as  it  arifes  from  abfo- 
lute motion  only,  whenever  it  is  obferved,  we  are  convinced  that  the  motion  is  real. 

Exp.  Let  a bucket,  partly  filled  with  water,  be  fufpended  by  a firing,  and  turned  round 
till  the  firing  is  confiderably  twifted  ; then  let  the  firing  untwift  itfelf.  At  firft  the  water 
remains  at  reft,  but  as  it  acquires  the  motion  of  the  bucket,  the  furface  grows  concave  to 
the  centre,  and  the  water  afcends  up  the  fides,  thus  endeavouring  to  recede  from  the  axis  of 
motion,  and  this  effedl  increafes  till  the  water  and  bucket  are  relatively  at  reft.  When 
this  is  the  cafe,  let  the  bucket  be  fuddenly  ftopped,  and  the  abfolute  motion  of  the  water 
will  be  gradually  diminifhed  by  the  fridlion  of  the  veffel  ; and  at  length,  when  it  is  again 
at  reft,  the  furface  becomes  plane.  Thus  the  centrifugal  force  does  not  depend  upon  the 
relative,  but  upon  the  abfolute  motion,  with  which  it  begins,  increafes,  decreafes,  and  dis- 
appears. 

PROP.  II.  The  change  of  motion  produced  in  any  body  is  propor- 
tional to  the  force  imprefled,  and  in  the  direction  of  that  force. 

Effe£ls  are  proportional  to  their  adequate  caufes.  If,  therefore,  a given  force  will  pro- 
duce a given  motion,  a double  force  will  produce  the  double  of  that  motion.  If  a new  force 
be  imprefled  upon  a body  in  motion,  in  the  direction  in  which  it  moves,  its  motion  will  be 
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increafed  proportionally  to  the  new  force  impreffed  : If  this  force  addsin  a diredlion  contrary 
to  that  in  which  the  body  moves,  it  will  lofe  a proportional  part  of  its  motion  : If  the  direc- 
tion of  this  force  be  oblique  to  the  direddion  of  the  moving  body,  it  will  give  it  a new 
direddion. 

Exp.  Let  one  clay  ball,  fufpended  by  firings,  ftrike  another  clay  ball  fufpended  in  the 
. lame  manner,  at  reft  or  in  motion,  it  will  communicate  a degree  of  motion  greater  or  lefs 
in  proportion  to  the  force  of  the  ftriking  body  : In  the  oppofite  direddion,  motion  will  be 
deftroyed  in  the  fame  proportion. 

Cor.  Since  the  effedd  produced  by  two  bodies  upon  each  other,  depends  upon  their  rela- 
tive velocity,  it  will  always  be  the  fame  whilll  this  remains  unaltered,  whatever  be  their 
abfolute  motions. 

PROP.  III.  To  every  action  of  one  body  upon  another,  there  is  an 
equal  and  contrary  re-a£tion : Or,  the  mutual  actions  of  bodies  on  each 
other  are  equal  and  in  contrary  directions,  and  are  always  to  be  eftimated 
in  the  fame  right  line. 

Whatever  quantity  of  motion  any  body  communicates  to  another,  or  whatever  degree  of 
refiftance  it  takes  away  from  it,  the  adding  body  receives  the  fame  quantity  of  motion,  or 
lofes  the  fame  degree  of  refiftance,  in  the  contrary  diredtion : the  refiftance  of  the  body 
added  upon  producing  the  fame  effecd  upon  the  adding  body,  as  would  have  been  produced  by 
an  addive  force  equal  to,  and  in  the  direddion  of,  that  refiftance. 

Cor.  i.  Hence  it  appears,  that  one  body  adding  upon  another,  lofes  as  much  motion  as 
it  communicates  ; and  that  the  fum  of  the  motions  of  any  two  bodies  in  the  fame  line  of 
direddion  cannot  be  changed  by  their  mutual  addion. 

Cor.  ii.  This  propofition  will  explain  the  manner  in  which  a bird,  by  the  ftroke  of  its 
wings,  is  able  to  fupport  the  weight  of  its  body.  For  if  the  force  with  which  it  ftrikes 
the  air  below  it,  is  equal  to  this  weight,  then  the  re-addion  of  the  air  upwards  is  likewife 
equal  to  it and  the  bird  being  added  upon  by  two  equal  forces,  in  contrary  diredftions,  will 
reft  between  them.  If  the  force  of  the  ftroke  is  greater  than  its  weight,  the  bird  will  rife 
with  the  difference  of  thefe  two  forces  : And  if  the  ftroke  be  lefs  than  its  weight,  then  it 
will  fink  with  the  difference. 

Exp.  Let  a clay  ball  in  motion,  ftrike  another  equal  to  it  at  reft  : The  ftriking  body  will 
lofe  half  its  quantity  of  motion,  which  will  be  communicated  to  the  other  body. 

Schol.  Thefe  three  laws  of  motion  may  be  illuftrated  by  experiments,  but  their  belt 
confirmation  arifes  from  hence,  that  all  the  particular  conclufions  drawn  from  them  agree 
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with  univerfal  experience.  They  were  afiumed  by  Sir  Ifaac  Newton  as  the  fundamental 
principles  of  mechanics  ; and  the  theory  of  all  motions  deduced  from  them,  as  principles, 
being  found  to  agree,  in  all  cafes,  with  experiments  and  obfervations,  the  laws  themfelves 
are  confidered  as  mathematically  true. 

CHAP.  II. 

Of  the  Comparifon  of  uniform  Motions. 

PROP.  IV.  The  quantities  of  matter  in  bodies  are  in  the  compound 
ratio  of  their  magnitudes  and  denfities. 

If  the  magnitudes  of  two  bodies  be  given,  the  quantities  of  matter  will  be  as  the  denfi- 
ties : If  their  denfities  be  given,  the  matter  will  be  as  the  magnitudes  : therefore  the  matter 
is  univerfaJly  in  the  compound  ratio  of  the  magnitudes  and  denfities.  For  example  ; If  A 
and  B be  two  balls  equal  in  magnitude,  the  quantity  of  matter  in  A will  be  to  that  in  B,  as 
the  denfity  of  A is  to  that  of  B : if  both  be  of  the  fame  denfity,  their  quantities  of  matter 
will  be  as  their  magnitudes. 

PROP.  V.  The  velocities  with  which  bodies  move,  are  diredtly  as 
the  fpaces  they  defcribe,  and  inverfely  as  the  times  in  which  they  defcribe 
thefe  fpaces. 

It  is  manifeft,  that  the  degree  of  velocity  increafes  as  the  fpace  a body  pafies  over  in  a 
given  time  increafes,  and  as  the  time  in  which  it  pafies  over  a given  fpace  decreafes  ; and  the 
reverfe.  For  example ; if  one  ball  A move  over  fix  feet,  and  another  ball  B over  three  feet 
in  the  fame  time,  A has  double  the  velocity  of  B : but  if  the  ball  A pafies  over  fix  feet  in 
two  feconds  of  time,  and  the  ball  B pafies  over  fix  feet  in  one  fecund,  the  velocity  of  B is 
double  of  that  of  A. 

■ '-r-  ■’  ,V.  -"/:‘yl  ■ V- - jv/i  , ’ 

PROP.  VI.  The  fpaces  which  bodies  defcribe  are  in  the  compound 

ratio  of  tjieir  times  and  velocities* 

It  is  evident,  that  the  longer  time  any  body  continues  to  mo*e,  and  the  greater  velocity 
it  moves  with,  the  greater  fpace  it  will  pafs  through  j and  the  reverfe.  If,  for  example,  the 
body  A moves  for  one  fecond,  and  the  body  B moves  for  two  feconds,  both  moving  with 
the  fame  velocity,  A will  move  through  half  as  much  fpace  as  B : If  A moves  with  two 
degrees  of  velocity,  and  B with  one  degree  of  velocity,  A w ill,  in  the  fame  time,  pafs  over 
twice  as  much  fpace  as  B. 
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PROP.  VII.  The  times  in  which  bodies  move  are  directly  as  the 
fpaces,  and  inveifely  as  the  velocities. 

The  greater  fpace  any  body  paffes  through,  and  the  lefs  degree  of  velocity  it  moves  with, 
the  greater  muft  be  the  portion  of  time  taken  up  in  the  motion ; and  the  reverfe.  For 
example  ; If  the  ball  A moves  with  the  fame  velocity  with  the  ball  B,  but  paffes  over  double 
the  fpace,  A will  move  twice  as  long  as  B : If  A moves  over  the  fame  fpace  with  B,  and 
with  half  the  velocity,  it  muft,  in  this  cafe  alfo,  move  twice  as  long  as  B. 

PROP.  A.  If  bodies  be  a£ted  upon  by  different  conftant  forces,  the 
velocities  communicated  will  vary  in  a ratio  compounded  of  the  forces 
and  times. 

Let  F,  V,  T,  reprefent  force,  velocity,  and  time,  and  be  fuppofed-  variable  ; it  is  evident 
that  the  velocity  will  be  increafed  and  diminiftied  in  the  fame  ratio  with  both  force,  and 
time,  and  thefe  being  independent  of  each  other,  V will  be  as  FxT. 

Cor.  If,  therefore,  F be  compared  with  any  other  known  force  f capable  of  generating 
a velocity  equal  to  v in  the  time  t,  then  V : v : : FxT  :fxt. 

PROP.  VIII.  The  power  required  to  move  a body  at  reft  is  as  the 
quantity  of  matter  to  be  moved. 

Each  particle  of  matter  in  any  body  refilling  motion,  a force  muft  be  exerted  upon  each 
particle  to  overcome  this  refill  ance;  if,  therefore,  two  bodies  containing  different  quantities 
of  matter  are  to  be  moved,  the  greater  body  will  require  the  greater  force. 

Def.  I.  The  momentum  of  any  body  is  its  quantity  of  motion. 

PROP.  IX.  In  moving  bodies,  if  the  quantities  of  matter  be  equal, 
the  momenta  will  be  as  the  velocities. 

It  is  manifell,  that  if  the  body  A be  equal  to  the  body  B,  but  A has  twice  the  velocity  of 
B,  A has  twice  as  much  motion  as  B. 

PROP.  X.  The  velocities  of  two  bodies  being  equal,  their  momenta 
will  be  as  their  quantities  of  matter. 

• . . - . r-  r v • 

The  bodies  A and  B moving  with  equal  velocities,  fince  every  portion  of  matter  in  A 
lias  as  much  motion  as  an  equal  portion  of  B,  it  is  evident,  that  if  A has  twice  the  quantity 
of  matter  in  B,  it  muft  have  twice  as  much  motion. 

PROP.  XI.  The  momenta  of  moving  bodies  are  in  the  compound 
ratio  of  their  quantities  of  matter  and  velocities. 

The  greater  quantity  of  matter  there  is  in  any  body,  and  the  greater  velocity  it  moves 
with,  the  greater  will  evidently  be  its  quantity  of  motion  j and  the  reverfe.  If,  for 
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example,  the  body  A be  double  of  the  body  B,  and  moves  with  twice  its  velocity,  the 
momentum  of  A will  be  quadruple  of  that  of  B : For  it  will  have  twice  the  momentum  of 
B from  its  double  velocity,  and  alfo  twice  the  momentum  of  B from  its  double  quantity  of 
matter. 

Cor.  Hence,  if  in  two  bodies  the  product  of  the  quantities  of  matter  and  velocities  are 
equal,  their  momenta  are  equal. 

e 

PROP.  XII.  The  velocities  of  moving  bodies  are  as  their  momenta 
dire&ly,  and  their  quantities  of  matter  inverfely. 

The  greater  momentum  any  body  has,  and  the  lefs  quantity  of  matter  it  contains,  the 
greater  mull  be  its  velocity.  For  example  ; If  the  body  A is  half  of  B,  and  their  momenta 
are  equal,  A will  move  with  twice  the  velocity  of  B ; and  if  A and  B are  equal,  and  the 
momentum  of  A is  double  of  that  of  B,  its  velocity  will  alfo  be  double. 

T T • • . r * _ p r » 

PROP.  XIII.  The  force,  or  power  of  overcoming  refinance,  in  any 
moving  body,  is  as  its  momentum. 

Since  a body  having  a certain  degree  of  motion  is  able  to  overcome  a certain  degree  of 
reliftance,  it  is  manifeft,  that  with  an  increafed  momentum,  it  will  be  able  to  overcome  a 
greater  refiftance. 

Cor.  Hence  the  momentum  of  any  body  is  meafured  by  its  power  of  overcoming 
refiftance. 

Schol.  Let  , q,  denote  the  quantities  of  matter  in  any  two  bodies,  D,  d , their 
denfities,  and  B,  b , their  bulk  or  magnitude,  V>  v , their  velocities,  T,  ty  the  times  of  their 
motion,  S,  s , the  fpaces  over  which  they  pafs,  P,  p,  the  moving  powers,  My  t»,  their 
momenta , and  F}  f,  their  force  : The  preceding  propofitions  may  be  thus  exprefl'ed  : 


Prop.  IV. 

• 

BD  ; 

bd 

V 

S 

s 

V. 

l 

V 

• • 

T 

t 

VI. 

s 

• 

• 

s 

• • 

TV  : 

tv 

VII. 

T 

• 

t 

• : 

S 

V : 

s 

V 

A. 

V 

• 

• 

V 

; : 

FxT  : 

fxt 

VIII. 

P 

• 

» 

p 

I l 

& *• 

? 

IX. 

M 

• 

• 

m 

: ; 

V : 

v : if 

X. 

M 

*, 

m 

*.  1 

q : if  Vzzv, 

XI. 

M 

• 

m 

■■ 

qv 

XII. 

V 

V 

. . 

M 

in 

€ ' 

? 

XIII. 

F 

• 

f 

M : 

m 

CHAP, 


Book  II. 


16 


Pb.te  r 
Fij.  4. 


OF  MECHANICS. 

t s v - / ' a, . r * r 

CHAP.  III. 

O/'  the  Gompofition  and  Rtfolutibn  of  Forces. 

Def.  A.  Equable  motion  is  either  fun  pie  or  compound.  Simple 
motion  is  that  which  is  produced  by  the  aQion,  or  impreffed  force  of  one 
caufe.  Cc7?ipound  motion  is  that  which  is  produced  by  two  or  more 
confpiring  powers,  i.  e.  by  powers,  whofe  directions  are  neither  eppofite 
nor  coincident. 

* • ' * w J ' ‘ J*  * * ’ 4 1 * * 4 7 ‘ J - \ 
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PROP.  XIV.  A body  aCted  upon  by  two  forces  united,  will  deferibe 
the  diagonal  of  a parallelogram,  in  the  fame  time  in  which  it  would  have 
deferibed  its  fides  by  the  feparate  aCtion  of  thefe  forcest  )■ 

If,  In  a given  time,  a body,  by  the  (ingle  force  M impreffed  upon  it  at  the  point  A, 
■would  be  carried  from  A to  B •,  and  by  another  fingle  force  N impreffed  upon  it  at  the  fame 
point,  would  be  carried  from  A to  C •,  complete  the  parallelogram  ABDC  ; and  with  both 
forces  united,  the  body  will  be  carried  in  the  fame  time  through  the  diagonal  of  the  paralle- 
logram from  A to  D.  For  fince  the  force  N a£ts  in  the  direttion  of  the  right  line  AC 
parallel  to  BD,  this  force  (by  Prop.  II.)  has  no  effect  upon  the  velocity  with  which  the 
body  approaches  towards  the  line  BD  by  the  action  of  the  force  M.  The  body  will  there- 
fore arrive  at  the  line  BD  in  the  fame  time,  whether  the  force  N is  impreffed  upon  it  or  not; 
and  at  the  end  of  that  time  will  be  found  fomewhere  in  the  line  BD.  For  the  fame  reafo.n, 
at  the  end  of  the  fame'  time  it  will  be  found  fomewhere  in  the  line  CD  ; therefore  it  mull  be 
found  at  the  point  D,  the  interfedfion  of  thefe  two  lines.  And  (by  Prop.  I.)  it  will  move 
in  a right  line  from  A to  D. 

Exp.  Two  equal  leaden  weights  fufpended  at  the  end  of  a triangular  frame  of  wood  to 
give  them  a fteady  motion,  and  let  fall  at  the  fame  inftant  from  equal  heights,  ftriking  a 
ball  fufpended  by  a cord  at  the  point  in  which  their  lines  of  direction  meet,  will  carry  it 
forwards  in  the  diagonal  of  the  parallelogram  of  thofe  lines  produced. 

Cor.  1.  Hence,  the  velocity  produced  by  the  joint  attion  of  two  forces  is  to  that  with 
which  the  body  moves  by  the  adtion  of  each  force  fingly,  as  the  diagonal  of  the  parallelo- 
gram to  either  fide  ; for  the  diagonal  is  deferibed  in  the  fame  time  with  either  fide. 

Cor.  2.  If  two  fides  of  a triangle  reprefent  the  diredtions  and  quantities  of  tv/ o forces, 
the  third  fide  will  reprefent  the  diredlion  and  quantity  of  a force  equivalent  to  both  adting 
jointly  : For  the  third  fide  may  be  confidered  as  the  diagonal  of  a parallelogram. 
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Cor.  3.  A body  may  be  moved  through  the  fame  line  by  different  pairs  of  forces.  Irr 
plate  1.  fig.  4.  AD  is  the  diagonal  both  to  the  parallelogram  ABCD,  and  to  the  parallelo- 
gram AEDF  i and  confequently  expreffes  a force  equal  to  AB,  AC,  and  to  AF,  AE. 

J 

Cor.  4.  Hence  we  learn  why  any  heavy  body  let  fall  perpendicularly  from  the  top  of  a 
maft,  when  a fhip  is  under  full  fail,  will  fall  to  the  bottom,  in  the  fame  manner  as  if  it  had 
been  at  reft. 

v 

Scholium.  This  propcffition  may  be  farther  illuftrated.  If  two  men  fit  upon  the  oppofite 
Tides  of  a boat  in  full  fail,  and  tofs  a ball  to  one  another,  they  will  catch  the  ball,  in  their  turn, 
juft  as  they  would  have  done  if  the  boat  had  been  at  reft.  The  ball  is  here  added  upon  by 
two  forces  : (i.)  it  partakes  of  the  motion  of  the  boat,  which  is  common  to  the  bail,  the 
boat,  and  the  men  : (2.)  the  other  force  is  that  with  which  the  man  throws  it  acrofs  the  boat. 

By  thefe  two  forces  together  the  ball  will  defcribe  the  diagonal  of  a parallelogram,  one  of 
whofe  fides  is  the  line  that  the  boat  has  defcribed  whilft  the  ball  is  flying  acrofs  ; and  the 
other  fide  is  a line  drawn  from  one  man  to  the  other. 


PROP.  XV.  The  velocity  produced  by  two  joint  forces,  when  they 
a £t  in  the  fame  direction,  will  be  as  the  fum  of  the  forces,  and  when 
they  a£t  in  oppofite  directions,  will  be  as  their  difference  ; and  the  velocity 
■will  be  the  greater  the  nearer  they  approach  to  the  fame  diredion,  and 
the  reverfe. 


In  the  parallelograms  ABCD,  in  which  AB,  AC,  exprefs  the  diredbion  and  quantity  of 
two  joint  forces,  the  fide  AB  being  placed  at  different  angles  with  AC,  it  is  manifeft  that  as 
AB  approaches  towards  AC,  the  diagonal  increafes,  till  at  length  it  becomes  equal  to  AC, 
CD,  that  is,  to  AC,  AB,  and  the  velocity  is  as  the  fum  of  the  forces,  fince  they  add  in  the 
fame  diredbion. 

In  the  parallelograms  ABCD,  as  AB  recedes  from  CD,  the  diagonal  decrcafes,  till  at 
length  it  vanilhes  with  the  angle,  and  the  two  fides  AB,  AC,  conftitute  one  right  line,  the 
parts  of  which,  AB,  AC,  reprefenting  forces  aiding  in  oppofite  direddions,  if  the  forces  be 
equal,  they  will  deftroy  each  other ; if  unequal,  the  velocity  will  be  as  their  difference. 


Plate  r. 
Fig-  J* 


Plate  t. 
Fig.  6. 


PROP.  XVI.  Any  fingle  force  or  motion  may  be  refolved  into  two 
forces  or  motions  ; and  the  directions  of  thefe  may  be  infinitely  varied  : 
alfo  any  two  forces  may  be  compounded  into  fingle  forces. 

A body  moving  in  the  line  AD,  may  be  confidered  as  receiving  its  direction  and  velocity  Plate  x. 
from  two  forces  adding  jointly  in  the  direddions  AB,  AC,  or  from  two  other  forces  expreffed  *l&  4' 
by  AF,  AE  : For  (Prop.  XIV.  Cor.  3.)  each  pair  would  produce  the  fame  effedt.  In  like 
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manner  the  diredion  and  quantities  of  die  forces  will  be  diver fified  with  every  change  of  the 
fides  of  the  parallelogram,  the  diagonal  remaining  the  fame. 

It  is  alfo  manifeft,  that  any  two  joint  forces  may  be  compounded  into  one,  being  exprefled 
by  the  fides  of  a parallelogram,  or  its  diagonal. 

PROP.  XVII.  If  a body  is  aCted  upon  by  three  forces,  which  are 
proportional  to,  and  in  the  direction  of,  the  three  fides  of  a triangle,  the 
body  will  be  kept  at  reft. 

\ 

Let  a body  placed  at  D be  aded  upon  by  three  forces  AD,  GD,  FD,  proportional  to, 
and  in  the  direction  of,  the  three  fides  of  the  triangle  GED  : complete  the  parallelogram 
GEFD  ; arid  make  AD  equal  to,  and  in  the  direction  of,  the  diagonal  ED. 

If  the  body  at  D be  aded  upon  by  the  forces  AD,  ED-,  equal  and  in  oppofite  directions, 
it  will  be  kept  at  reft.  But  the  force  ED  (Prop.  XVI.)  is  equivalent  to  the  two  forces 
DG,  DF,  that  is,  DG,  GE  ; therefore  the  body  aded  upon  by  the  three  forces  AD, 
DG,  DF,  that  is,  by  three  forces  proportional  to,  and  in  the  direction  of,  the  fides  of.  the 
triangle  GED,  will  be  at  reft. 

Exp.  Let  three  weights  in  the  proportions  of  3,  4,  5,  be  fufpended  from  cords,  which 
pals  over  pulleys  and  meet  in  a point ; if  the  directions  of  the  cords  be  parallel  to  the  fides 
of  a triangle,  (drawn  in  a plane  parallel  to  the  plane  of  the  cords)  whofe  fides  are  to  each 
other  as  the  weights,  a ball  at  the  point  in  which  the  cords  meet  will  be  kept  at  reft. 

Cor.  The  body  will  be  at  reft  if  the  three  forces  are  proportional  to  the  three  fides  of  ar 
triangle  drawn  perpendicular  to  the  diredion  of  the  forces ; for  fuch  a triangle  is  fimilar  ta 
the  former.  Draw  Ag,  GY,  and  Ih,  perpendicular  to  the  fides-  GE,  GD,  DE,  forming  a 
triangle  g e d,  which  is  equiangular  to  GED  •,  hence,  the  fides  about  their  equal  angles  being, 
proportional,  the  forces  which  are  proportional  to  the  lines  GE,  GD,  and  DE,  are  alfa 
proportional  to  g e,  g d,  and  d e. 

t 

Scholium.  A boy’s  kite,  as  it  refts  in  the  air,  is  an  inftance  of  a body  refting  whilftl 
three  forces  ad  upon  it.  For  the  kite  is  aded  upon  by  the  wind  •,  by  its  own  weight ; and 
by  the  firing  that  holds  it.  QP 

Oh  cy. 

PROP.  XVIII.  The  force  of  oblique  percuftion  is  to  that  of  dired 
or  perpendicular  aClion,  as  the  fine  of  the  angle  of  incidence  to  radius. 

Let  a body  ftrike  upon  the  plane  AD,  at  the  point  D,  in  the  diredion  BD  : the  line  BD 
I'ig-  8.  exprefling  the  force  of  dired  impulfe  may  be  refolved  into  two  others,  BC,  BA,  the  one 
parallel,  the  other  perpendicular  to  the  plane  : Of  thefe,  the  force  BC,  parallel  to  the  plane, 
cannot  aft'ed  it : The  whole  force  upon  the  plane  may  therefore  be  exprefled  by  BA.  But 
BA  is  to  BD  as  the  fine  of  the  angle  of  incidence  BDA  is  to  radius. 
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Schol.  If  the  furface  to  be  ftruck  be  a curve,  let  AD  be  made  tangent  to  the  curve  at 
D,  and  the  proof  will  be  the  fame. 

PROP.  XIX.  The  force  of  oblique  aftion  produced  by  percufilon  is 
to  that  of  direct  a&ion,  as  the  cofine  of  the  angle  comprehended  between 
the  direction  of  the  force  and  that  in  which  the  body  is  to  be  moved,  to 
radius. 

Let  FD  reprefent  a force  a£ting  upon  a body  at  D,  and  impelling  it  towards  E ; but  let  Plate  r. 
DM  be  the  only  way  in  which  it  is  poffible  for  the  body  to  move.  The  force  FD  may  be  F‘S 
refolved  into  two  forces  FG,  FH,  or  GD  ; of  which  only  the  force  GD  impels  it  towards 
M.  And,  FD  being  radius,  GD  is  the  cofine  of  the  angle  FDG,  or  MDE,  comprehended 
between  the  dire£Uon  of  the  force,  and  that  in  which  the  body  is  to  be  moved. 


C HAP.  IV. 

Of  Motion  as  communicated  by  Percujfion  in  Non-Elafic , and  Elaflic  Bodies. 

Def.  II.  Bodies  are  non-claftic,  which,  when  one  ftrikes  another,  do 
not  rebound,  but  move  together  after  the  ftroke. 

•j* . i , . L „ . . . j . . * ...  • 

Cor.  Hence  their  velocities  after  the  ftroke  are  equal. 

Def.  III.  Bodies  are  elaftic,  which  have  a certain  fpring,  by  which 
their  parts,  upon  being  prefled  inwards  by  percuflion,  return  to  their 
former  flate,  throwing  off  the  linking  body  with  fome  degree  of  force  ; 
when  the  elaflicity  is  perfect,  the  body  reflores  itfelf  with  a force  equal 
to  that  with  which  it  is  comprefled. 

Exp.  The  exiftence  of  this  property  is  vifible  in  a ball  of  wool,  cotton,  or  fpungs  com* 
prefied. 

PROP.  XX.  When  one  non-elaftic  body  in  motion,  ftrikes  upon 
another  at  reft,  or  moving  with  lefs  velocity  in  the  fame  direction,  the 
fum  of  their  momenta  remains  the  fame  after  the  ftroke  as  before. 

For  (Prop.  III.  Cor.  i.)  as  much  motion  as  the  linking  body  communicates,  fo  much 
it  lofcs  i whence,  if  the  motions  of  the  bodies  are  in  the  fame  direction,  whatever  is  added 
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to  the  motion  of  the  preceding  body  will  be  iubdu&ed  from  that  which  follows,  and  the 
fum  will  remain  the  fame. 

. ' . ; . 4 . _ ' r - . f 

PROP.  XXI.  When  two  non-elaftic  bodies,  moving  in  an  oppofite 
dire&ion,  ftrike  upon  each  other,  the  fum  of  their  momenta  after  the 
ftroke,  will  be.  equal  to  the  difference  of  their  momenta  before  the  flroke. 

For  (from  Prop.  III.  Cor.  I.)  that  body  which  had  the  lead  motion  will  deftroy  a quan- 
tity equal  to  its  own  in  the  other  j after  which,  they  will  move  together  with  the  remainder 
that  is,  the  difference. 

Exp.  Let  two  cylinders,  filled  with  clay,  A,  B,  be  of  equal  weight,  and  fufpended  by 
cords  from  equal  heights  ; let  two  other  cylinders  of  the  fame  kind,  C,  D,  but  in  weight 
as  2 to  i,  be  fufpended  from  the  fame  height.  The  heights  from  which  they  are  let  fall, 
in  the  arc  formed  by  the  motion  of  the  cylinder  (from  the  nature  of  the  pendulum,  after- 
wards to  be  explained)  will  be  the  meafure  of  their  velocity  j and  (by  Prop.  XI.)  their  * 
momenta  will  be  as  their  velocities  multiplied  into  their  quantities  of  matter  ; whence  the 
cafes  of  the  two  preceding  propofitions  may  be  eftablifhed  by  the  following  experiments. 
N.  B.  Quantity  of  matter  is  expreffed  by  q,  velocity  by  v,  and  momentum  by  m. 

No.  i.  Prop.  XX.  Cafe  i.  Let  the  cylinder  A fall  from  the  height  of  18  inches,  upon 
the  cylinder  B at  reft.  The  momentum  of  A before  the  ftroke  (by  Prop.  XI.)  is  x8;  for 
the  quantity  of  matter  is  r,  and  the  velocity  18  •,  whence  q 1 x*ui8=rmi8.  After  the 
ftroke,  the  quantity  of  matter  being  (Def.  II.)  2,  and  the  velocity  of  each  cylinder  9,  the 
momentum  will  be  18  : q 2 x *u  9 — m 18. 

No.  2.  Cafe  2.  Let  A fall  from  18  inches,  and  B from  9,  in  the  fame  dire£tion ; their 
momenta  before  the  ftroke  are  18  + 9 = 27  ; after  the  ftroke,  the  quantity  of  matter  will 
be  2,  and  the  velocity  13*  •,  whence  v 13^  X q 1 ■—  m 27. 

No.  3.  Prop.  XXI.  Cafe  1.  Let  the  equal  cylinders  A and  B fall  in  oppofite  dire&ions* 
from  the  height  of  1 2 inches  ; the  momenta  being  equal  and  oppofite,  the  motion  of  both, 
will  be  deftroyed. 

No.  4.  Cafe  2.  Let  A fall  from  the  height  of  12  inches,  and  meet  B falling  in  the 
oppofite  direction  from  6 inches ; their  velocity  after  the  ftroke  being  3,  and  quantity  of 
matter  2,  the  momentum  will  be  6 ; q 2 X v 3 = m 6. 

No.  5.  Prop.  XX.  Cafe  3.  Let  the  cylinder  C,  double  of  the  cylinder  D,  fall  from 
12  inches  on  D at  reft.  Before  the  ftroke,  the  quantity  of  matter  in  C is  2,  and  its 
velocity  is  12  i whence  its  momentum  is  24 ; q 2 X v 12  — tn  24.  After  the  ftroke,  the 
velocity  will  be  8,  and  quantity  of  matter  3 ; whence  q 3 X v 8 = m 24. 


No, 


Chap.  IV. 


OF  ELASTIC  BODIES. 


21 


No.  6.  Cafe  4.  Let  C fall  from  1 2 inches,  and  D from  6 inches  in  the  fame  direction. 
Before  the  ftroke,  the  velocity  of  C is  12,  and  quantity  of  matter  2 •,  whence  its  momentum 
is  24  ; q 2 X v 12  = m 24;  and  the  velocity  of  D is  6,  and  its  quantity  of  matter  1 ; 
whence  q 1 X v 6 zr  m 6 therefore  the  whole  momentum  is  30.  After  the  ftroke,  the 
velocity  of  the  whole  is  10,  and  the  quantity  of  matter  3 ; whence  q 3 x v 10  — m 30. 

No.  7.  Prop.  XXL  Cafe  3.  Let  C Fall  from  6 inches,  and  D from  12,  in  oppofite 
directions,  the  quantity  of  matter  in  C being  2,  and  its  velocity  6 ; and  the  quantity  of 
matter  in  D being  1 , and  its  velocity  1 2,  their  momenta  will  be  equal,  and  being  oppofite, 
will  deftroy  each  other.  C 7 2 x v 6 — m 12  * D j 1 x v 12  — m 12. 

No.  8.  Cafe  4.  Let  C fall  from  3 inches,  and  D from  12,  in  oppofite  directions:  Before 
the  ftroke,  the  momentum  of  C is  6;  q 2 X v ^ — m 6,  and  the  momentum  of  D is  12  ; 
q 1 x v 12  = rn  12  *,  whence  the  difference  of  their  momenta  is  6.  After  the  ftroke,  the 
velocity  is  2,  and  quantity  of  matter  3 ; whence  the  momentum  is  6 j q 3 x v 2 = m 6. 

< } fi  f 

PROP.  XXII.  When  one  elaftic  body  ftrikes  upon  another  of  the 
fame  kind,  the  one  lofes,  and  the  other  gains,  twice  as  much  momentum, 
as  if  the  bodies  had  been  void  of  elafticity. 

For,  fince  (by  Def.  III.)  perfectly  elaftic  bodies,  on  percuflion,  reftore  themfelves  with 
a force  equal  to  that  with  which  they  are  compreffed,  whatever  momentum  is  gained  by  one 
body,  or  loft  by  the  other,  on  percuflion,  from  the  law  of  re-aCtion,  the  fame  mull  be 
gained,  or  loft,  from  the  power  of  elafticity. 

Cor.  1.  Hence  the  momentum  of  elaftic  bodies  after  percuflion  may  be  found,  by 
doubling  the  momentum  which  would  have  remained,  had  the  bodies  been  non-elaftic. 

2.  If  one  of  the  bodies,  confidered  as  non-elaftic,  would  lofe  more  than  half  its  momentum, 
as  elaftic,  it  lofes  more  than  all,  that  is,  acquires  a negative  momentum  in  a contrary 
direction. 

Exp.  The  following  experiments  may  be  made  with  ivory  balls  fufpended  from  firings  j 
they  correfpond  with  the  preceding  experiments  on  non-elaftic  bodies. 

Let  A and  B be  equal  balls  ; and  let  C be  a ball  double  of  the  ball  D. 

No.  1.  A,  falling  from  18  inches  on  B at  reft,  has  18  degrees  of  momentum  before 
the  ftroke  : therefore,  after  the  ftroke,  fuppofing  the  balls  non-elaftic,  the  fame  momentum 
belonging  to  the  two  equal  balls  together,  each  has  9 degrees  of  momentum,  and  A has 
loft  and  B gained  9.  This  being  doubled,  A,  as  elaftic,  will  lofe  18,  and  B will  gain 
18  degrees  of  momentum:  whence  A will  beat  reft,  and  B will  movewith  18  degrees  of 
momentum. 
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No.  2.  A,  falling  from  18  inches,  and  B from  9 in  the  fame  dire&ion  ; as  non-elaftic, 

after  the  flroke,  each  has  13!  momentum,  or  A has  loft  4^,  and  B gained  4x.  As  elaftic, 

after  the  ftroke,  A lofes  9,  13  gains  9 ; therefore  A rifes  to  9 inches,  B to  18. 

No.  3.  A and  B,  falling  in  oppofite  direCVions  from  12  inches,  as  non-elaftic,  would 
lofe  all  their  momentum  : as  elaftic,  each  lofes  24  degrees  of  momentum  ; that  is,  gains  1% 
in  the  contrary  direction. 

No.  4.  A,  falling  from  ia  inches,  and  B in  the  oppofite  direction  from  6,  as  non- 
elaftic,  the  momentum  of  each,  after  the  ftroke,  will  be  in  the  direction  of  A •,  whence 
A lofes  9,  and  B lofes  9,  moving  3 degrees  in  the  contrary  direction.  As  elaftic,  A 

lofes  18.  or  has  6 in  the  .contrary  direction,  and  B lofes  18,  or  gains  12  in  the  contrary 

direction. 

No.  5,  C,  double  cf  D,  falling  from  12  inches  on  D at  reft,  the  momentum  of  C, 
before  the  ftroke,  being  24,  and  of  D nothing  ; as  non-elaftic,  C,  after  the  ftroke,  having 
its  momentum  rtf,  and  moving  with  the  velocity  8,  will  have  loft  4 degrees  of  velocity, 
and  8 of  momentum  : and  D will  have  gained  8 of  each.  As  elaftic,  therefore,  C will  lofe 
8 degrees  of  velocity,  or  (Prop.  XI.)  16  of  momentum,  and  D will  gain  16  of  each  ; that 
is,  C will  move  with  4 degrees  of  velocity,  and  D with  itf. 

No.  tf.  C,  falling  from  12  inches,  and  D from  6 in  the  fame  direction,  before  the  ftroke, 
the  velocity  of  C is  12,  and  its  momentum  24  ; and  the  momentum  of  D 6.  After  the 
ftroke,  as  non-elaftic,  the  momentum  of  C is  20,  becaufe  q 2 X v 10  = m 20;  and  the 
momentum  of  D is  10,  becaufe  q 1 x v 10  =s  m 10;  therefore  C has  loft  4 degrees  of 
momentum,  or  2 degrees  of  velocity,  and  D gained  4 of  each.  If,  therefore,  the  gain  or 
lofs  be  doubled  on  account  of  the  elafticity  of  C and  D,  C will  lofe  8 degrees  of  momentum, 
or  4 of  velocity,  and  D will  gain-  8 of  each  ; that  is,  C will  move  with  8 degrees  of  velocity, 
and  D with  14. 

No.  7.  C,  falling  from  <5  inches,  and  D from  12  in  oppofite  directions,  their  momenta 
being  equal,  would  deftroy  each  other  without  elafticity : Therefore,  being  elaftic,  each  will 
acquire  the  momentum  of  12  in  oppofite  directions  ; that  is,  D will  return  to  12,  and  C 
to  6. 

No.  8.  C,  falling  from  3 inches,  and  D from  12  in  oppofite  directions;  fince  the 
momentum  of  C,  before  the  ftroke,  is  6,  and  of  D 12,  as  non-elaftic  bodies  they  would,  after 
the  ftroke,  move  in  the  direction  of  D,  with  the  velocity  of  2 ; whence  C would  move  in  the 
direction  contrary  to  its  firft  motion  with  4 degrees  of  momentum,  and  lofe  10  ; and  D 
would  lofe  10:  Therefore,  being  elaftic,  C will  lofe  20  degrees  of  momentum,  and  alfo  D 
20  ; whence  C will  move  in  the  contrary  direction  with  14  degrees  of  momentum  ; that  is, 
will  return  to  7 ; and  D will  return  to  8. 

Cor.  1.  If  the  fum  of  two  confpiring  momenta,  or  the  difference  of  two  contrary 
momenta,  be  divided  by  the  fum  of  the  quantities  of  matter  in  both  the  moving  bodies,  the 
quotient  will  give  the  common  velocity  after  the  ftroke. 
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Schol.  Let  A and  B be  two  fpherical  bodies,  moving  with  their  centres  in  the  fame  line  ; 

and  let  their  velocities  be  a and  b.  The  momentum  of  A , before  the  (broke,  is  Aa,  and 

that  of  B is  Bb  their  lum,  or  their  difference  is  Aa-\-Bb,  or  Aa — Bb.  Therefore  (by  Prop. 

XX.  and  XXI.)  the  momentum,  after  the  (broke,  is  exprelfed  by  Aa  + Bb,  and,  their  common 

Aa  + Bb  . AAa+ABb 

velocity  by = — . Hence  the  momentum  of  A,  after  the  (broke,  is  — ; and  that 

7 1 A+B  A+B 

ABa  + BB(t 

of  B is  — 

A+B 

Next,  fuppofe  the  bodies  perfe&Iy  elafdc.  Subtract  the  momentum  of  A confidered 

n AAa+ABb 

as  non-ela(bic,  after  the  (broke, — , from  its  momentum,  before  the  (broke,  Aa ; 

A+B 

ABa+ABb 

and  the  remainder, -==-  - — , will  exprefs  the  momentum  in  that  cafe  loft  by  A,  and 

-a -j-jD 

. ABa+ABb  c 

trained  by  B.  Subtradb  this  remainder,  , from  the  momentum  of  A,  as  non- 

A+B 

elaftic,  after  the  (broke,,  ; and  add  the  fame  remainder  to  the  momentum  of  Br 

ABa  + BBb  AAa  + z ABb—ABa  . . 

after  the  (broke, = ; the  difference,  — , will  exprefs  the  mo- 

A+B  A+B 


mentum  of  A,  after  the  (broke,  and  the  fum 


2 ABa  + BBb +ABb 
' A+B 


will  exprefs  the  moinen- 


Aa  -j-  2 Bb — Ba 

turn  of  B,  after  the  (broke,  fuppofing  them  perfectly  elaftic.  And  — — _ — , and 


A+B 


2 Aa+Bb  + Ab 
~J+B~ 


I m 

, will  exprefs  their  refpe£bive  velocities. 


Cor.  2.  If  there  be  any  number  of  elaftic,  equal,  and  fpherical  bodies,  whofe  centres 
are  placed  in  the  fame  line,  and  the  firft  body  (brikes  upon  the  fecond  in  the  diredbion  of 
that  line,  all  the  bodies  will  be  at  reft  except  the  laft,  which  will  move  off  with  the  velocity 
of  the  firft. 


Exp.  Several  equal  ivory  balls  being  fo  fufpended  as  to  have  their  centres  in  a right 
line,  if  (he  firft  be  let  fall  upon  the  fecond,  the  laft  will  fly  off,  to  the  height  from  which 
the  firft  fell. 

Cor.  3.  When  the  (bribing  ball  is  lefs  than  the  quiefeent,  there  will  be  an  increafe  of 
momentum. 

Exp.  Let  the  ball  D fall  from  12  inches  upon  C,  double  of  D,  at  reft.  If  they  were 
non-elaftic,  they  would  proceed  together,  and,  their  velocity  being  the  fame,  C,  after  the 
(broke,  would  have  double  the  momentum  of  D ; that  is,  C would  have  8 degrees,  and  U 4 ; 

whence 


* 
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whence  D would  have  communicated  more  than  half  its  momentum  to  C.  The  effeCl  being 
doubled  by  the  elafticity  of  the  bodies,  D communicates  to  C 16  degrees  of  momentum,  and 
lofes  as  much  itfelf,  or  returns  with  4 degrees  of  momentum  in  the  contrary  direction  ; 
while  C moves  forwards  with  4 degrees  more  momentum  than  D had  at  the  firft.  Thus 
the  whole  fum  of  momentum  is  increafed  from  12  to  20  degrees  ; but  as  much  as  the  mo- 
mentum is  increafed  in  the  direction  in  which  D firft  moved,  fo  much  is  given  to  D in  the 
contrary  direction,  In  this  manner  may  momentum  be  continually  increafed  by  a feries  of 
bodies. 

Cor.  4.  If  a non-elaftic  body  ftrikes  upon  an  immoveable  obftacle,  it  will  lofe  all  its  mo. 
tion  j an  elaftic  body  will  return  with  a force  equal  to  the  ftroke. 

Exp.  Let  a leaden  ball,  and  an  ivory  ball,(  ftrike  upon  any  fixed  plane, 

CHAP.  V. 

Of  Motion  as  produced  by  the  Attraction  of  Gravitation. 

SECT.  I. 

Of  the  haws  of  Gravitation  in  Bodies  falling  without  ObJlriiBion. 

PROP.  XXIII.  The  motion  of  a body  falling  freely  by  the  attraction 
of  gravitation  is  uniformly  accelerated,  or  its  velocity  increafes  equally 
in  equal  times, 

A new  impreflion  being  made  upon  the  falling  body,  at  every  inftant,  by  the  continued 
a£lion  of  the  attra&ion  of  gravity,  and  the  effect  of  the  former  (by  Prop.  I.)  ftill  remaining, 
the  velocity  muft  continually  increafe.  Suppofe  a fingle  impulfe  of  gravitation,  in  one  in- 
ftant, to  give  it  one  degree  of  velocity ; if  after  this,  the  force  of  gravitation  were  entirely' 
fufpended,  the  body  would  continue  to  move  with  that  degree  of  velocity,  without  being 
accelerated  or  retarded.  But,  becaufe  the  attraction  of  gravitation  continues,  it  produces  as 
great  a velocity  in  the  fecond  inftant  as  in  the  firft ; which  being  added  to  the  firft,  makes 
the  velocity  in  the  fecond  inftant  double  of  what  it  was  in  the  firft.  In  like  manner,  in  the 
third  inftant,  it  will  be  tripled  ; quadrupled  in  the  fourth : and  in  every  inftant,  one  degree 
of  velocity  will  be  added  to  that  which  the  body  had  before  j that  is,  the  motion  will  be 
uniformly  accelerated.* 

Cor.  The  velocities  of  falling  bodies,  are  as  the  times  in  which  they  arc  acquired. 

PROP. 

* All  bodies  defeending  in  vacuo  by  gravity,  whether  great  or  fmall,  denfc  or  rare,  are  found  to  fall  through 
j6.t  feet  in  one  fecond,  and  to  acquire  a velocity  in  falling  which  would  carry  them  uniformly  through  32.2  feet  in 
tbc  next  fqcond,  and  an  increafe  of  velocity,  equal  to  this,  is  found  to  be  added  to  every  fuccceding  fecond  of  time. 


-Chap.  V. 


OF  FALLING  BODIES. 


2 5 


PROP.  XXIV.  The  force  of  the  attra&ion  of  gravitation  a&ing 
upon  any  body  is  as  its  quantity  of  matter. 

For,  each  particle  of  matter  in  any  body  being  acted  upon  by  gravitation,  the  greater 
number  of  particles  are  contained  in  any  body,  the  greater  force  mull  be  exerted  upon  it; 
that  is,  the  force  increafes  as  the  quantity  of  matter  increafes. 

Exp.  Let  two  unequal  balls,  fufpended  by  threads  of  the  fame  length,  be  let  fall  at  the 
fame  time  from  points  equally  didant  from  the  lowed  points  of  the  arcs  in  which  they 
move  : T he  vibrations  of  each  will  be  performed  in  equal  times,  and  confequently  their  veloc- 
ities will  be  equal ; whence  the  momenta  (Prop.  XI.)  will  be  as  the  quantities  of  matter: 
But  ( by  Prop.  XIII.)  the  force  producing  motion,  is  as  the  quantity  of  motion,  or  momentum, 
produced  : Therefore  the  force  of  gravitation  is  as  the  quantity  of  matter  that  is,  as 
much  greater  force  is  exerted  upon  the  larger  body  than  upon  the  lefs;  as  its  quantity  of 
matter  is  greater  than  that  of  the  lefs. 

Cor.  i.  The  weight  of  any  body  is  as  its  quantity  of  matter  ; for  weight  is  the  degree 
of  force  with  which  any  body  is  aided  upon  by  gravitation. 

Cor.  2.  If  the  attraftion  of  gravitation  were  increafed  in  any  ratio,  the  weight  of  a 
given  body  would  be  increafed  in  the  fame  ratio.  Subdituting,  therefore,  W,  Q^,  F,  for  the 
weight,  quantity  of  matter,  and  force  of  gravity,  refpe£tively,  and  fuppofing  them  to  be 
■variable  ; W will  be  as  CLx  F. 

PROP.  XXV.  The  velocities  of  bodies  falling  from  the  fame  height 
without  refiftance,  are  equal. 

If  two  bodies  of  different  quantities  of  matter  fall  from  the  fame  height,  the  attracting 
force  which  ads  upon  the  greater  body,  will  (Prop.  XXIV.)  exceed  that  which  ads  upon 
the  lefs,  as  much  as  the  greater  body  exceeds  the  lefs  in  quantity  of  matter ; whence  they 
mud  move  with  equal  velocities. 

Exp.  A guinea,  and  a feather,  or  other  light  body,  in  the  exhauded  receiver  of  an  air- 
pump,  will  fall  through  the  fame  fpace  in  the  fame  time. 


PROP.  XXVI.  The  fpaces  defcribed  by  falling  bodies  are  as  the 
fquares  of  the  times  from  the  beginning  of  the  fall,  and  alfo  as  the 
fquares  of  the  laft  acquired  velocities ; or  in  the  ratio  compounded  of 
tli£  times  and  velocities. 
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In  the  triangle  ABC,  let  AB  exprefs  the  time  in  which  a body  is  falling,  and  BC  the 
velocity  which  it  has  acquired  at  the  end  of  the  fall  •,  let  AF,  AD,  be  parts  of  the  time 
AB  •,  and  through  F,  D,  draw  FG,  DF.,  parallel  to  BC. 

Becaufe  the  triangles  ABC,  ADE,  are  fimilar,  AB  is  to  AD  as  BC  to  DE  ; but  AB 
and  AD  exprefs  times  of  defeent,  and  BC  expreffes  the  velocity  acquired  in  the  time  AB  y 
therefore,  fince  (Prop.  XXIII.  Cor.)  the  velocities  are  as  the  times,  DE  expreffes  the  velocity 
acquired  in  the  time  AD.  In  like  manner,  GF,  any  other  right  line  parallel  to  BC, 
expreffes  the  velocity  acquired  in  the,  time  AF.  Therefore  the  fum  of  the  lines  which  may 
be  luppofed  drawn  parallel  to  CB  in  the  triangle  ADEj  that  is,  the  whole  triangle  ADE, 
will  reprefent  the  fum  of  the  feveral  velocities  with  which  the  falling  body  moves  in  the 
time  AD.  For  the  fame  reafon;  the  triangle  ABC  will  reprefent  the  fum  of  the  velocities 
with  which  the  falling  body  moves  in  the  time  AB.  Since,  therefore,  it  is  manifeft,  that 
the  fpacc  which  a body  pafies  through  in  any  moment  of  time  is  as  the  velocity  with  which 
it  moves  at  that  moment ; and  confcquently,  that  the  fpaces  through  which  it  paffes  in  any 
times  whatfoever,  are  as  the  fums  of  the  velocities  with  which  it  moves  in  the  feveral 
moments  of  thofe  times } the  fpaces  paffed  through  in  the  times  AD,  AB,  are  to  each  other 
as  the  triangles  ADE,  ABC.  But  the  triangle  ADE  (til.  Vl.  19.)  is  to  the  triangle  ABC. 
in  the  duplicate  ratio  of  the  homologous  Tides  AD,  AB,  and  alfo  of  DE,  BC  : that  is,  the 
fpaces  are  as  the  fquares  of  the  times,  and  alfo  as  the  fquares  of  the  laft  acquired  velocities, 
confequentiy  the  fpaces  deferibed  are  in  the  compound  ratio  of  the  times  and  the  velocities. 

Exp.  Let  there  be  two  pendulums,  one  of  which  vibrates  twice  as  faft  as  the  other,  a. 

ball  let  fall  from  fuch  a height  above  the  ball  of  the  Ihorter  pendulum  as  to  reach  it  in  one 
vibration,  mull  fall  from  four  times  this  height,  to  reach  the  longer  pendulum,  in  one  of  its 
vibrations. 

Cor.  1.  Hence,  if  the  forces  are  variable,  the  fpaces  deferibed  are  as  the  forces  and 
fquares  of  the  times  or  as  the  fquares  of  the  velocities  dire&ly,  and  the  forces  inverfely. 
For  by  the  Prop,  (calling  S,  V and  T,  the  fpace,  velocity  and  time)  S is  as  T x V,  and 

(by  Prop.  A.  p.  14.)  V is  as  F x T S is  as  F x T1,  and  S is  as  p-. 

Cor.  2.  The  times  in  which  bodies  fall  from  unequal  heights,  and  their  laft  acquired 
velocities,  are  as  the  fquare  roots,  or  in  the  fubduplicate  ratio  of  their  heights.  Since  1 F 
is  as  S,  T will  be  as  V S j and  fince  VV  is  as  S,  V will  be  as  V S. 

Cor.  3.  If  the  time  of  the  fall  of  a body  be  divided  into  equal  parts,  the  fpaces  through 
which  it  falls  in  each  of  thefe  parts,  taken  feparately,  will  be  as  the  odd  numbers  1,  3,  5,  &c^ 
The  fpaces  being  as  the  fquares  of  the  times  or  velocities,  if  the  times  be  as  the  numbers 
1,  2,  3,  4,  the  fpaces  will  be  as  1,  4,  9,  16  •,  whence,  in  the  firft  time  the  fpace  will  be  as  1, 
in  the  fecend  time,  the  fpace  paffed  over  will  be  as  3,  in  the  third,  as  5,  &c. 
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Schol.  Since  S is  as  Tl,  and  as  in  the  firft  fecond  of  time  a body  freely  defcending  by 
the  force  of  gravity  falls  through  j6.i  feet,  we  eafily  find  the  fpace  defcribed  in  any  given 
number  of  feconds  ; for  S = 16.1  x T*.  Thus  in  5"  a body  will  fall  through  402  feet  for 
16. 1 x 25  — 402.  Again,  the  fpaces  fallen  through  in  the  ill,  2d,  3d,  feconds,  are  16. 1 ; 
1 6. 1 X 3 » 16.4  X 5 refpedti vely. 

PROP.  XXVII.  The  fpace  which  a body  pa  flies  over  in  any  given 
time  from  the  beginning  of  the  fall,  is  half  that  which  it  would  pafs 
over  in  the  fame  time,  moving  with  the  laft  acquired  velocity. 

For  the  triangle  ABC  (by  Prop.  XXVI.)  exprefies  the  fpace  palled  over  in  the  time  AB, 
when  the  motion  is  uniformly  accelerated  ; the  laft  acquired  velocity  is  exprefled  by  BC  ; 
and  the  rectangle  of  AB,  BC,  rightly  exprefies  the  fpace  pafled  through  in  the  time  AB  with 
the  equable  velocity  BC  : firice  therefore  the  triangle  ABC  is  half  of  the  rectangle  AB, 
BC,  the  propofition  is  manifeft. 

PROP.  XXVIII.  The  motion  of  a body  thrown  upwards  is  uniformly 
retarded  by  gravitation  : the  time  of  its  rife  will  be  equal  to  that  in 
which  a body  falling  freely  acquires  the  fame  degree  of  velocity  with 
which  it  is  thrown  up  ; and  the  height  to  which  it  rifes  will  he  as  the 
fquare  of  the  time,  or  firft  velocity. 

> J i . i ’ . . . • • . ■ • • ; 

The  fame  force  which  accelerates  a falling  body,  afting  in  an  oppofite  direction  upon  one 
thrown  upwards,  mull  retard  it  : and,  fince  the  adtion  of  gravitation  is  uniform,  in  what- 
ever time  it  generates  any  velocity  in  a falling  body,  it  muff  in  the  fame  time  deftroy  the 
fame  velocity  in  a riling  body  : through  whatever  fpace  the  falling  body  muft  pafs  to  acquire 
any  velocity,  the  riling  body  muft  pafs  through  the  fame,  to  lofe  it  : and  whatever  ratio  the 
fpaces  bear  to  the  velocities  and  times  in  one  cafe,  muft  take  place  in  the  other  : the  efie<ft 
of  gravitation  in  rifmg  bodies  being  in  all  refpe&s  the  reverfe  of  its  effect  upon  falling 
bodies. 

Schoi..  As  the  force  of  gravity  near  the  furface  of  the  earth  is  conftant,  and  known 
by  experiment,  and  as  the  fpaces  defcribed  by  falling  bodies  vary  as  the  fquares  of  the  times, 
(T*)  or  as  the  fquares  of  the  velocities  (V1)  : hence  every  thing  relating  to  the  defcent  of 
bodies,  when  accelerated  by  the  force  of  gravity  ; and  to  their  afcent,  when  they  are  re- 
tarded by  that  force,  may  be  deduced  from  the  foregoing  propofitions. 

(1.)  When  a body  falls  by  the  force  of  gravity,  the  velocity  acquired  in  any  time,  as 
T",  is  fuch  as  would  carry  it  uniformly  over  2 F T in  T'  ; where  F = 16.1  feet. 

Exam.  The  veloci  y acquired  by  a falling  body  in  6"  = 32.2  X 6,  or  fuch  as  would 
carry  it  uniformly  through  193  feet  in  1". 

E 2 


Plate  r» 
Fig.  10. 


(2.)  The 


OF  MECHANICS. 


Book  II. 


V* 

(2.)  The  fpace  fallen  through  to  acquire  the  velocity  V is——.  For  S : F : : V1  ; 2F)1 
„ .V-  , .4F  . ... 

orS:=  JF 

Exam.  If  a body  fall  from  reft  till  it  acquire  a velocity  of  20  feet  per  fecond,  the  fpace 

' p 

fallen  through  is ; — = 6.2  feet. 


V* 


4 X 16.1 

From  thefe  three  expreflions,  V = 2 FT;  S=  — and  S — F T*  (Cor.  1.  Prop. 
XXVI.)  : any  one  of  the  quantities  S,  T,  V,  being  given,  the  other  two  may  be  found. 


Exam.  i.  To  find  the  time  in  which  a body  will  fall  400  feet ; and  the  velocity  ac- 
quired.   r . 

Since  S r F T1  T = = 5"  nearly,  and  V being  equal  2 F T = 

32.2  X 5"  = 161  feet  = velocity  acquired. 

Exam.  2.  If  a body  be  projedled  perpendicularly  downwards,  with  a velocity  of  20  feet 
per  fecond,  to  find  the  fpace  defcribed  in  4''. 

The  fpace  defcribed  in  4"  by  the  firft  velocity  is  4 x 20,  and  the  fpace  fallen  through  by: 
the  aftion  of  gravity  is  16.  i X 4%  therefore  the  whole  fpace  defcribed  is  337.6  feet. 

Exam.  3.  To  what  height  will  a body  rife  in  3"  which  is  projected  perpendicularly 
upwards  with  a velocity  of  100  feet  per  fecond  ? 

The  fpace  defcribed  in  3"  by  the  firft  velocity  is  300  feet,  and  the  fpace  through  which 
the  body  would  fall  by  gravity  in  3"  is  16.1  X 31  = *44-9  feet,  therefore  the  height  re- 
quired is  300  — 144-9  — I5S-1  f£et. 


SECT.  II. 

Of  the  Laws  of  Gravitation  in  Bodies  falling  down  inclined  Planes , 

Def.  IV.  An  inclined  plane,  is  a plane  which  makes  an  acute  or  ob- 
tufe  angle  with  the  plane  of  the  horizon. 

PROP.  XXIX.  The  motion  of  a body  defcending  down  an  inclined 

plane,  is  uniformly  accelerated. 

\ • 

In  every  part  of  the  fame  plane,  the  accelerating  force  has  the  fame  ratio  to  the  force  of 
gravitation  adting  freely  in  a perpendicular  direction,  and  is  therefore  (El.  V.  9.)  equally 

exerted 
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exerted  in  every  inflant  of  the  defcent ; whence,  (as  was  lliewn  concerning  bodies  falling 
freely,  Prop.  XXIII.)  the  motion  mult  be  uniformly  accelerated. 

Cor.  Hence,  whatever  has  been  demonftrated  concerning  the  perpendicular  defcent  of 
bodies,  is  equally  applicable  to  their  defcent  down  inclined  planes,  the  motion  in  both  cafes 
being  uniformly  accelerated  by  the  fame  power  of  gravitation. 


PROP.  XXX.  The  force  with  which  a body  defcends  by  the  attrao 
tion  of  gravitation  down  an  inclined  plane,  is  to  that  with  which  it  would 
defcend  freely,  as  the  elevation  of  the  plane  to  its  length  ; or  as  the  fine 
of  the  angle  of  inclination  to  radius. 

Let  AB  be  the  length  of  an  inclined  plane,  and  AC  its  elevation,  or  perpendicular 
height.  If  the  force  of  gravitation  with  which  any  body  defcends  perpendicularly  be 
exprefled  by  AC,  and  this  force  be  refolved  into  two  forces,  AD,  DC,  by  drawing  CD 
perpendicular  to  AB  j becaufe  the  force  CD  is  deftroyed  by  the  re-a£lion  of  the  plane,  the 
body  defcends  down  the  inclined  plane  only  with  the  force  AD.  And  (El.  VI.  8.  Cor.) 
AD  is  to  AC,  as  AC  is  to  AB  ; that  is,  the  force  of  gravitation  down  the  inclined  plane  is 
to  the  fame  force  adding  freely,  as  the  elevation  of  the  plane  to  its  length,  or  as  the  fine  of 
the  angle  of  inclination  ABC  is  to  the  radius  AB. 


Cor.  i.  Plence,  the  force  neceffary  to  fuflain  a body  on  an  inclined  plane,  is  to  the 
abfolute  weight  of  a body,  as  the  elevation  of  the  plane  to  its  length : for  the  force  requifite 
to  fultain  a body,  mull  be  equal  to  that  with  which  it  endeavours  to  defcend  •,  which  has 
been  (hewn  to  be  to  that  with  which  it  would  defcend  freely,  as  the  elevation  of  the  plane 
to  its  length. 

Cor.  2.  If  H be  the  height  of  an  inclined  plane,  L its  length,  and  the  force  of  gravity 

LI 


be  reprefented  by  unity  j the  accelerating  force  on  the  inclined  plane  is  reprefented  by 


L* 


For  by  the  Prop,  the  accelerating  force  is  to  the  force  of  gravity  (i)  as  H is  to  L the 

accelerating  force  = 2. 

Xi 

Cor.  3.  Hence  — varies  as  the  fine  of  the  angle  of  inclination. 

Cor.  4.  If  a body  fall  down  an  inclined  plane,  the  velocity  V generated  in  T"  is  fuch 

as  would  carry  it  uniformly  over  — x 2 F T feet  in  1"  where,  as  before,  F is  equal  16.1. 

L 

H 

For  (by  Prop.  A.  p.  14.)  the  velocity  varies  as  the  force  and  time,  (i.  e.)  as  — x T,  and 

L 

H 

the  velocity  generated  by  the  force  of  gravity  in  one  fecond  is  2 F,  therefore  V=~X2 

L 
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Ex.  If  L : H : : 2 : i,  a body  falling  down  the  plane  will,  at  the  end  of  4",  acquire  % 
velocity  of  *-  X 3 *.2  X 4 64.4  feet  per  fecond. 

TJ 

Cor.  5.  The  fpace  fallen  through  in  T"  from  a Hate  of  reft,  is  — x F T1  for  (Prop, 

L 

XXVI.)  the  fpaces  defcribed  vary  as  the  fquares  of  the  times. 


Ex.  1.  If  II  — — the  fpace  through  which  a body  falls  in  5“  is  4 X 16.1  x X?  = 20  ii- 
2 

feet. 

Ex.  2.  To  find  the  time  in  which  a body  will  defcend  40  feet  down  this  plane.  Since 

S = -X  FT’,  therefore  T— — - =2*2  Seconds. 

L HxF  1x16.1 

Cor.  6.  The  fpace  through  which  a body  mail  fall,  from  a ftate  of  reft  to  acquire  a 


Ij  V r V 

velocity  V,  is  — x— .-r*  For  (Cor.  1.  Prop.  XXVI.)  S is  as  , therefore  the  fpace 

11  4I'  f1 

through  which,  the  body  falls  by  the  force  of  gravity,  is  to  the  fpace  through  which  it  falls 

down  the  plane,  as  the  fquare  of  the  velocity  dire£Hy,  and  as  the  force  inverfely  in  the 

former  cafe,  is  to  the  fame  in  the  latter;  and  if  F (16.1)  be  the  fpace  fallen  through  by 

gravity,  and  2 F is  the  velocity  acquired  in  1",;  hence  E :.S  : : 


2 F 


— X V1  and  S 
.H 


L V» 

H*4F’ 


Ex.  r.  If  L=2  H,  and  a body  fail  from  a ftate  of  reft  till  it  has  acquired  a velocity 

• 2 .IQ3, 

of  40  feet  per  fecond,  the  fpace  defcribed  is  — x^ — — feet  nearly. 

1 64.4 

Ex.  2.  If  a body  fall  40  feet  from  a ftate  of  reft  down  this  plane,  to  find  the  velocity 

H 

acquired.  V1  — 4 F S X -j-  = 64.4  x 40  X i = 1288,  and  V = 35.8  feet  per  fecond. 


PROP.  XXXT.  The  fpace  defcribed  in  any  given  time  by  a body 
defeending  down  an  inclined  plane,  is  to  the  fpace  through  which  it 
would  fall  perpendicularly  in  the  fame  time,  as  the  elevation  of  the  plane 
to  its  length. 

Let  AC  reprefent  the  force  with  which  a body  would  fall  perpendicularly  : CD  being 
drawn  from  C perpendicular  to  All  ; AD,  as  was  fhewn  (Prop.  XXX.)  will  reprefent  the 
force  with  which  the  body  defeends  down  the  inclined  plane  A13.  And,  fince  the  fpaces 
through  which  a body  falls  in  any  given  time  mult  be  as  the  forces  which  move  them,  tlie 
fpace  through  which  the  body  will  fall  down  the  inclined  plane  AB,  is  to  that  through  which 
it  will  fall  perpendicularly  in  the  fame  time,  as  the  force  AD,  to  the  force  AC.  But  AD 
is  to  AC  (El.  Vi.  8.  Cor.)  as  AC  the  elevation  to  AB  the  length  of  the  plane;  therefore 

the 
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the  fpace  through  which  the  body  will  fall  in  a given  time  down  the  inclined  plane  AB,  will 
be  to  the  fpace  through  which  it  would  fall  perpendicularly  in  the  fame  time,  as  the  elevation 
of  the  plane  to  its  length. 

Cor.  i.  A body  would  fall  down  the  inclined  plane  from  A to  D,  in  the  fame  time  in 
which  it  would  fall  perpendicularly  from  A to  C.  For,  tire  fpaces  paired  through  in  any 
given  time  are  as  AC  to  AB,  that  is,  (El.  VI.  8.  Cor.)  as  AD  to  AC  : consequently,  if 
AC  is  the  fpace  paffcd  through  in  any  given  time  by  the  body  falling  freely,  AD  will  be 
the  fpace  paffed  through  in  the  fame  time,  down  the  inclined  plane  AB. 

Cor.  2.  Having  the  fpace,  through  which  a body  falls- in  a perpendicular  direction,  we 
can  eafily  find  the  fpace  which  a body  will  defcribe  in  the  fame  time,  on  planes  differently 
inclined,  by  letting  fall  perpendiculars,  as -CD  on  thofe  planes  refpe&ively. 

PROP.  XXXII.  The  velocity  acquired  in  any  given  time  by  a body 
defcending  down  an  inclined  plane,  is  to  the  velocity  acquired  in  the 
fame  time  by  a body  falling  freely,  as  the  elevation  of  the  plane  to  the 
length, 

■ • < ' ’ » / r , » . * ' •' 

In  an  uniformly  accelerated  motion,  the  velocities  produced  in  equal  times  are  as  the  forces • 
which  produce  them  : but  (by  Prop.  XXX.)  the  force  with  which  a body  defcends  down 
an  inclined  plane,  is  to  that  of  its  perpendicular  defcent,  as  the  height  of  the  plane  to  its- 
length  •,  therefore  the  velocities  produced  in  equal  times  are  in  the  fame  ratio. 

PROP.  XXXIII.  The  time  in  which  a body  moves  down  an  inclined, 
plane,  is  to  that  in  which  it  would  fall  perpendicularly  from  the  fame 
height,,  as  the  length  of  the  plane  to  its  elevation. 

The  fquare  of  the  time  in  which  AB  is  palled  over,  is  to  the  fquare  of  the  time  in  which  p],tc  r, 
AD  is  paffed  over  (compare  Prop.  XXVI.  with  Prop.  XXIX.  Cor.)  as  AB  to  AD,  that  f'g-  “• 
is,.fince  AB,  AC,  AD,  (El.  VI.  8.  Cor.)  are  continued  proportionals,  as  the  fquare  of  AB 
to  the  fquare  of  AC.  Therefore  the  times  themfelves  are  as  the  lines  AB,  AC,  that  is,  as 
the  length  of  the  plane  to  its  -elevation. 

Cor.  Hence  if  feveral  inclined  planes  have  equal  altitudes,  the  times  in  which  thofe  piatc  i. 
planes  are  defcribed  by  bodies  falling  down  them,  are  as  the  lengths  of  the  planes.  For  the  i%' 
time  of  the  defcent  down  AC  is  to  the  time  of  the  fall  down  AB,  as  AC  to  AB  ; and  the 
time  of  the  fall  down  AB  is  to  the  time  of  the  defcent  down  AG,  as  AB  to  AG  ; there- 
fore (El.  V.  it.)  the  time  of  the  defcent  from  A to  C is  to  the  lime  of  defcent  from  A to 
G,  as  AC  to  AG,  that  is,  the  times  are  as  the  lengths  of  the  planes, 
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PROP.  XXXIV.  A body  acquires  the  fame  velocity  in  falling  down 
an  inclined  plane,  which  it  would  acquire  by  falling  freely  through  the 
perpendicular  elevation  of  the  plane. 

The  fquare  of  the  velocity  which  a body  acquires  by  falling  to  D,  is  (by  Prop.  XXVI. 
compared  with  Prop.  XXIX.  Cor.)  to  the  fquare  of  the  velocity  it  acquires  by  falling  to  B, 
as  the  fpace  AD  is  to  the  fpace  AB,  that  is,  (LI.  VI.  8.  Cor.)  as  the  fquare  of  AD  is  to 
the  fquare  of  AC  ; and  confequently  the  velocity  at  D is  to  the  velocity  at  B,  as  AD  is  to 
AC.  But,  becaufe  AD  and  AC  (Prop.  XXXI.  Cor.)  are  palled  over  in  the  fame  time,  the 
velocity  acquired  at  D is  (by  Prop.  XXXII.)  to  that  which  is  acquired  at  C,  as  AD  to  AC. 
Since  then  the  velocity  at  D has  the  fame  ratio  to  the  velocities  at  B,  and  at  C,  namely, 
the  ratio  of  AD  to  AC,  the  velocities  at  B and  C (El.  V.  9.)  are  equal. 

Cor.  1.  Hence  the  velocities  acquired  by  bodies  falling  down  planes  differently  inclined 
are  equal,  where  the  heights  of  the  planes  are  equal.  The  velocities  acquired  in  falling 
from  A to  C,  and  from  A to  G,  are  each  equal  to  the  velocity  acquired  in  falling  from  A 
to  B,  and  therefore  equal  to  one  another. 

Cor.  2.  Hence  if  bodies  defcend  upon  inclined  planes,  whofe  heights  are  different,  the 
velocities  will  be  as  the  fquare  roots  of  their  heights.  For  (Fig.  8.  and  9.)  the  velocity  in 
D is  equal  to  that  in  A,  and  the  velocity  in  D is  equal  to  that  in  G.  Therefore  the  veloc- 
ity in  D (Fig.  8.)  is  to  that  in  D (Fig.  9.)  as  \/A3  is  to  y^FG  (by  Cor.  Prop.  XXVI). 

PROP.  XXXV.  A body  falls  perpendicularly  through  the  diameter, 
and  obliquely  through  any  chord  of  a circle,  in  the  fame  time. 

In  the  circle  ADB,  let  AB  be  a diameter,  and  AD  any  chord  ; draw  BC  a tangent  to  the 
circle  at  B ; produce  AD  to  C,  and  join  DB.  Becaufe  ADB  (El.  III.  31.)  is  a right  angle, 
a body  (by  Prop.  XXXI.  Cor.)  will  fall  from  A to  D on  the  inclined  plane  in  the  fame  time 
in  which  it  will  fall  from  A to  B perpendicularly.  In  like  manner  let  the  chord  AE  be  pro- 
duced to  G •,  and  becaufe  AEB  is  a right  angle,  a body  will  fall  from  A to  E in  the  inclined 
plane  in  the  fame  time  in  which  it  would  fall  from  A to  B. 

Cor.  1.  Hence  all  the  chords  of  a circle  are  defcribed  in  equal  times. 

Cor.  2.  Hence  alio  the  velocities,  and  accelerating  forces,  will  be  as  the  lengths  of  tire 
chords. 

PROP.  XXXVI.  If  a body  defeends  along  feveral  contiguous  planes, 
the  velocity  which  it  acquires  by  the  whole  defeent,  provided  it  loft  no 
motion  in  going  from  one  to  another,  is  the  fame  which  it  would  acquire, 

if 
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if  it  fell  from  the  fame  perpendicular  height  along  one  continued  plane  ; 
and  this  velocity  will  be  the  fame  with  that  which  would  be  acquired  by 
the  perpendicular  fall  from  the  elevation  of  the  planes. 

Let  AB,  B.C,  CD,  be  feveral  contiguous  planes  ; through  the  points  A and  D,  draw  Plate  i. 
HE,  DF,  parallel  to  the  horizon,  and  produce  the  contiguous  planes  CB,  CD,  to  G and  E.  FlS-  ^ 
By  Prop.  XXXIV.  Cor.  the  fame  velocity  is  acquired  at  the  point  B,  whether  the  body 
defcends  from  A to  B,  or  from  G to  B.  Therefore,  the  line  BC  being  the  fame  in  both 
cafes,  the  velocity  acquired  at  C mull  be  the  fame,  whether  the  body  defcends  through  AB, 

BC,  or  along  GC.  In  like  manner,  it  will  have  the  fame  velocity  at  D,  whether  it  falls 
through  AB,  BC,  CD,  or  along  ED,  that  is,  (by  Prop.  XXXIV.)  its  velocity  will  be 
equal  to  the  velocity  acquired  by  the  perpendicular  fall  from  H to  D.  - 

Cou.  Hence  if  a body  defcends  along  any  arc  of  a circle,  or  any  other  curve,  the  velocity 
acquired  at  the  end  of  the  defcent  is  equal  to  the  velocity  acquired  by  falling  down  the 
perpendicular  height  of  the  arc;  for  fuch  a curve  may  be  confidered  as  confiding  of  indefi- 
nitely fmall  right  lines,  reprefenting  contiguous  inclined  planes. 

Schol.  The  velocity  of  a body  palling  from  one  inclined  plane  to  another  is  diminifhed 
in  the  ratio  of  radius,  to  the  co-fine  of  the  angle  between  the  directions  of  the  planes.  Let 
BC,  or  B m,  (Fig.  20.)  reprefent  the  velocity  acquired  at  B,  and  refolve  BC  into  B n and 
C «,  by  letting  fall  the  perpendicular  C n : m n will  be  the  velocity  lod,  therefore  the  velocity 
at  B is  to  the  velocity  diminifhed  by  palling  from  AB  to  BD  as  BC  to  B «,  or  as  radius  to 
the  co-line  of  the  angle  between  the  directions  of  the  planes. 

PROP.  XXXVII.  If  two  bodies  fall  down  two  or  more  planes 
equally  inclined,  and  proportional,  the  times  of  falling  down  thefe  planes 
will  be  as  the  fquare  roots  of  their  lengths. 

Let  the  inclined  planes  be  AB,  BC,  DE,  EF  : let  AG,  DH,  be  lines  drawn  parallel  to  the  Plate  r. 
horizon  ; let  AB,  DE,  be  equally  inclined  to  the  plane  of  the  horizon,  and  alfo  BC,  EF  ; let  F'S' I4' 
AB  be  to  DE  as.  AG  to  DH  and  as  BC  to  EF,  and  draw  GB,  PIE. 

Becaufe  ABG,  DEH,  are  fimilar  triangles,  AB  is  to  DE  (El.  VI.  4.)  as  BG  to  EPI, 
and  y AB  to  y DE  as  y'  BG  to  */  EPI : alfo  AB  is  to  DE  as  BG  -f  BC  is  to  PIE  -f  EF, 
and  y'  AB  to  y DE  as  y/  BG  -j-  BC,  or  GC  is  to  y/fiE  -f  EF,  or  HF. 

And  fince  (by  conftruCtion)  AB  is  to  DE  as  BC  to  EF,  AB  is  to  DE  as  AB  -f  BC  is  to 

DE  EF,  andy  AB  to  y DE,  as  y/  AB  + BC  to  y/  DE  -j-  Eh!  But  AB,  DE,  being 
planes  equally  inclined,  the  accelerating  force  of  gravitation  will  be  the  fame  upon  each, 
and  the  bodies  defeeriding  upon  them  may  be  confidered  as  falling  down  different  parts 
ot  the  fame  plane.  Hence  (Prop.  XXVI.  Cor.  1,  and  XXIX.  Cor.)  the  time  of  defcent 

F along 
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along  AB  is  to  that  along  DE,  as  y AB  to  V DE  ; .and  the  time  of  defcent  along  GC  is 
to  that  along  HF,  as  y1  GC  is  \/  HF,  that  is,  as  y'  AB  to  y DE.  Again,  the  time  of 
defcent  along  GB  is  to  that  along  HE,  as  «/  BG  is  EH,  that  is,  as  y/  AB  to  y'  DE; 
Since,  therefore,  the  time  of  defcent  along  the  whole  plane  GC  is  to.  that  along  the  whole 
plane  HF,  as  y'  AB  to  y'  DE,  and  that  of  the  part  GB  is  alio  to  that  of  the  part  HE,  as 
V AB  to  a/  DE,  the  time  of  defcent  along  the  remainder  BC  is  to  that  along  the  remainder 
EF  (El.  V.  19.)  as  aJ  AB  to  \/  DE.  Confequently,  the  time  of  defcent  down  AB  BC 
is  to  that  down  DE  -f  EF,  as  y'  AB  to  DE,  that  is,  as  y/  AB  -}-  EC  to  \/  DE  -j-  EF. 

Cor.  Flence  if  bodies  defcend  through  arcs  of  circles,  the  times  of  defcribing  fmiilar 
arcs  will  be  as  the  fquare  roots  of  the  arcs.  For  fuch  fimilar  arcs  may  be  confidered  as 
compofed  of  an  equal  number  of  proportional  Tides,  or  planes,  having  the  fame  inclination 
to  each  other,  and  their  elevations  equal  ; whence  by  this  proportion,  the  times  of  defcent 
will  be  as  the  fquare  roots  of  the  lengths  of  the  arcs. 

PROP.  XXXVIII.  If  a body  be  thrown  up  along  an  inclined  plane, 
or  the  arc  of  a curve,  it  will,  in  the  fame  time,  rife  to  the  fame  height, 
from  which  with  equal  force  it  would  have  defcended  ; and  any  velocity 
will  be  loft  in  the  fame  time  in  which  it  would,  in  defcending,  have 
been  acquired. 

For  the  fame  force  of  gravitation  has,  in  every  refpefl,  the  fame  efficacy  to  retard  the 
motion  of  bodies  afcending,  as  to  accelerate  them  defcending  on  an  inclined  plane  or 
curve. 

4 — 

SECT.  III. 

Of  the  Pendulum,  and  Cycloid.. 

Def.  V.  A pendulum  is  a heavy  body  hanging  by  a cord  or  wire, 
and  moveable  with  it  upon  a centre. 

PROP.  XXXIX.  The  vibrations  of  a pendulum  are  produced  by  the 
force  of  gravitation. 

Let  the  ball  A,  fufpended  from  the  centre  B by  the  cord  BA,  be  drawn  up  to  C and  let 
fall  from  thence  : it  will  defcend  by  the  force  of  gravitation  to  A,  from  whence  (being  pre- 
vented from  falling  farther  by  the  cord)  it  will  proceed  (by  Prop.  XXXVI.  Cor.)  with  a 
velocity  equal  to  that  which  it  would  have  acquired  in  falling  perpendicularly  from  E to  A, 

which 
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which  will  carry  it  on  the  oppofite  fide  to  the  height  from  which  it  fell.  Being  brought  back 
again  towards  A by  the  force  of  gravitation,  it  will  acquire  a new  velocity  which  will  carry 
it  towards  C : and  in  this  manner  it  will  vibrate  by  the  force  of  gravitation,  till  the  refiftance 
of  the  air,  and  the  friction  of  the  firing,  flop  its  motion. 


PROP.  XL.  The  fame  pendulum,  vibrating  in  fmall  unequal  arcs, 
performs  its  vibrations  nearly  in  equal  times. 

In  the  circle  CGA,  the  fmall  arcs  CA,  BA,  will  differ  little  from  their  refpeftive  chords 
in  length  or  declivity.  But  (by  Prop.  XXXVI.  Cor.)  the  times  in  which  the  chords  are 
patTed  over  are  equal  ; therefore  the  times  of  defcribing  the  arcs  CA,  EA,  and  alfo  (by 
Prop.  XXXVIII.)  of  defcribing  their  doubles  CAD,  EAF,  will  be  nearly  equal. 

Exp.  Two  equal  pendulums  vibrating  in  fmall,  but  unequal  arcs,  will,  for  a long  time, 
keep  pace  in  their  vibrations. 

PROP.  XLT.  If  a pendulum  vibrate  through  fmall  arcs  of  circles 
of  different  lengths,  the  velocity  it  acquires  at  the  lowed:  point,  is  as  the 
chord  of  the  arc  which  it  defcribes  in  its  defcent. 

Let  BA  be  the  pendulum,  and  CAD,  EAF,  the  arcs  through  which  it  vibrates  ; and 
draw  the  horizontal  lines  EK,  CPI.  The  velocity  acquired  in  falling  from  If  to  A,  is  (by 
Prop.  XXVI.  Cor.)  to  that  acquired  by  falling  from  G to  A,  as  \/  HA,  to  y'  GA,  that  is, 
(by  El.  VI.  8.  Cor.)  as  CA  to  GA.  For  the  fame  reafon,  the  velocity  acquired  in  falling 
from  G to  A,  is  to  that  acquired  in  falling  from  K to  A,  as  GA  to  EA.  Confequently,  ex 
ecquali , the  velocity  acquired  in  falling -from  H to  A,  is  to  that  acquired  by  falling  from 
K to  A,  as  CA  to  EA.  But  (by  Prop.  XXXVI.  Cor.)  the  velocity  acquired  in  falling 
from  II  to  A is  equal  to  that  from  C to  A ; and  the  velocity  acquired  in  falling  from  Iv  to 
A is  equal  to  that  from  E to  A.  Therefore  the  velocity  acquired  in  defcending  through  the 
arc  CA,  is  to  that  through  EA,  as  the  chord  CA  to  the  chord  EA  : and  the  fame  may  be 
(hewn  concerning  the  remaining  half  of  the  vibrations,  AF,  AD. 

Cor.  Hence  the  lengths  of  the  chords  of  arcs  through  which  pendulums  move,  are 
meafurcs  of  velocity. 

PROP.  XLIT.  The  time  of  the  defcent  and  afcent  of  a pendulum, 
fuppofing'it  to  vibrate  in  the  chord  of  a circle,  is  equal  to  the  time  in 
which  a body  falling  freely  would  defcend  through  eight  times  the  length 
of  the  pendulum. 
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For  the  time  of  the  defcent  of  a body  upon  the  chord,  is  (by  Prop.  XXXV.)  equal  to 
that  of  the  fall  through  the  diameter  of  the  circle,  which  is  twice  the  length  of  the  pendu- 
lum ; but  in  double  that  time,  that  is,  in  the  defcent  and  afcent,  or  whole  vibration,  the 
body  would  fall  (by  Prop.  XXVil.)  through  four  times  the  fpace,  that  is,  through  eight 
times  the  length  of  the  pendulum. 


Plate  x. 
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PROP.  XLIII.  The  times  in  which  pendulums  of  different  lengths 
perform  their  vibrations,  are  as  the  fquare  roots  of  their  lengths. 

Let  the  two  pendulums,  AB,  CD,  be  of  different  lengths.  The  time  in  which  the  firft, 
AB,  vibrates  through  a chord,  is  equal  to  that  in  which  a body  (Prop.  XXXV.)  would  fall 
freely  through  twice  AB,  the  diameter  of  the  circle  of  which  AB  is  radius  : in  like  manner, 
the  time  in  which  CD  vibrates,  is  equal  to  that  in  which  a body  would  fall  through  twice 
CD.  But  the  times  in  which  a body  would  fall  through  thefe  different  fpaces  are  (Prop. 
XXVI.  Cor.  1.)  as  the  fquare  roots  of  the  fpaces,  that  is,  as  the  fquare  roots  of  AB  and 
CD,  the  lengths  of  the  pendulums  : therefore  the  vibrations  are  in  the  fame  ratio. 

Cor.  The  times  in  which  pendulums  of  unequal  lengths  vibrate,  are  as  the  fquare  roots 
of  the  fimilar  arcs  through  which  they  move.  Let  BA,  BC,  be  pendulums  of  different 
lengths  vibrating  in  the  fimilar  arcs  FG,  DE.  Since  the  times  of  vibration  are  as  the  fquare 
roots  of  the  lengths  BA,  BC,  and  that  fimilar  arcs  are  as  the  diameters,  the  times  of  vibra- 
tion, are  as  the  fquare  roots  of  the  arcs,  FA,  DC,  or  of  their  doubles,  FG,  DE. 


Exp.  Two  pendulums,  the  lengths  of  which  are  as  1 to  4,  will  perform  their  vibrations 
in  times  as  1 to  2,  that  is,  the  fhorter  pendulum  will  make  two  vibrations,  whilft  the 
longer  makes  one  ; for  T : t : : \/L  : \/  L 


PROP.  XLIV.  The  fquares  of  the  times  in  which  a pendulum  of  a 
given  length  performs  its  vibrations,  are  inverfely  as  the  accelerating 
forces,  or  gravities. 

By  Prop.  XXVI.  where  the  accelerating  force  is  given,  the  fpace  deferibed  is  as  the 
fquare  of  the  time  in  which  it  is  deferibed.  And  fince,  in  any  given  moving  body,  the 
velocity  is  as  the  accelerating  force  (Prop.  A.  p.  14.)  where  the  fquare  of  the  time,  or  the 
time  itfelf,  is  given  (by  Prop.  II.)  the  fpace  deferibed  will  be  as  the  accelerating  force. 
Conftquently,  where  neither  the  accelerating  force,  nor  the  fquare  of  the  time,  is  given, 
the  fpace  deferibed  will  be  in  the  ratio  compounded  of  both.  If  then  the  fpace  deferibed 
be  called  S,  the  accelerating  force  A,  and  the  fquare  of  the  time  T1,  S will  be  as  TlA, 
T1  A S 

whence  , or  T1  is  as-^.  But,  when  the  fpaces  are  equal,  S is  a given  quantity: 
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whence  (fince  fra&ions  whofe  numerators  are  given,  are  inverfely  as  their  denominators) 

— is  inverfely  as  A.  But  T1  is  as  — ; therefore  where  S is  given  T*  is  inverfely  as  A ; 
A A 

that  is,  where  the  fpaces  defcribed  are  equal,  the  fquares  of  the  times  in  which  they  are 
defcribed  are  inverfely  as  the  accelerating  forces.  And  if  the  fquares  of  the  times  of 
falling  bodies  are  inverfely  as  their  accelerating  forces,  the  fquares  of  the  times  in  which 
pendulums  vibrate,  are  in  the  fame  ratio,  on  account  of  the  conftant  equality  between  the 
time  of  vibration  and  that  of  the  defcent  through  eight  times  the  length  of  the  pendulum, 
by  Prop.  XLIl. 

Cor.  I.  Hence,  if  the  fame  pendulum,  at  different  parts  of  the  earth,  performs  its 
vibrations  in  different  times,  the  forces  of  gravitation  will,  in  thofe  places,  be  inverfely  as 
the  fquares  of  thofe  times. 

Cor.  2.  If  the  vibrations  of  pendulums  of  unequal  lengths  be  performed  in  the  fame 
time,  the  accelerating  forces  will  be  as  their  lengths.  For  (by  Prop.  XL1I1.  and  XL1V.) 

T : t : : -r-  : — , therefore  when  T = t ; A : a : : L : /.  Hence,  as  it  is  known  by 
A a 

experiment,  that  the  lengths  of  pendulums  that  vibrate  feconds  are  diminilhed  in  approach- 
ing the  equator,  the  force  of  gravity  mull  alfo  decreafe. 

Ex.  At  the  equator  a pendulum  vibrating  feconds  is  TVth  of  an  inch  Ihorter  than  fuch  a 
pendulum  in  the  latitude  of  London,  and  the  length  of  this  pendulum  in  London  is  39.2 
inches,  therefore  gravity  under  the  equator  is  to  gravity  here  as  391  is  to  392. 


LEMMA  I. 

Jf  from  X as  the  centre , with  any  difance  XA,  a quadrant  of  a circle 
ADB  be  defcribed , and  in  the  right  line  AX  a body  defends  with  fuch 
force , that  its  velocity  in  any  points  M,  N,  &c.  fall  be  always  as  MD, 
IMP,  &c.  the  fines  of  the  arcs  AD,  AP  : the  time  in  which  the  body  will 
defend  from  A to  X,  will  be  equal  to  the  time  in  which  it  would  defribe 
the  whole  arc  ADB  with  the  uniform  velocity , exprejfed  by  XB,  acquired 
by  the  falling  body  when  it  arrives  at  X : alfo,  the  time  of  the  fall  through 
any  fpace  AM,  will  be  to  the  time  of  the  fall  through  any  other  [pace  AO, 
as  the  arc  AD  to  the  arc  AQ_;  and  the  force  with  which  the  body  is 
accelerated  in  any  place  M,  will  be  as  MX  the  difance  of  that  place  from 
the  centre . 


Let 
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Let  DP  be  a part  of  the  circumference  taken  indefinitely  fmall,  and  therefore  not  aflign- 
ably  differing  from  a right  line  •,  join  DX ; and  draw  DL  perpendicular  to  NP.  Becaufe 
the  triangles  MDX,  LDP,  are  fimilar,  (having  each  a right  angle,  and  the  angles  MDX, 
LDP,  whefe  common  complement  is  LDX,.  equal)  MD  will  be  to  DX  as  LD  or  MN  to 
DP.  But,  by  the  hypothefis,  MD  is  as  the  velocity  of  the  defeending  body  at  the  point  M, 
that  is,  as  the  velocity  with  which  the  indefinitely  fmall  line  MN  is  deferibed  ; and  XD  is 
as  die  velocity  lalt  acquired  by  the  falling  body  at  X,  that  is,  as  the  uniform  velocity  with 
which  the  arc  DP  is  deferibed.  The  velocity  therefore  of  the  body  defeending  through  the 
indefinitely  fmall  line  MN,  will  be  to  the  velocity  of  the  body  moving  along  the  arc  DP, 
as  MN  to  DP.  Wherefore,  fince  the  velocities  are  proportional  to  the  fpaces  paffed  over, 
the  times  wherein  thofe  fpaces,  MN,  DP,  are  deferibed,  will''  be  equal.  After  the  fame 
manner  it  may  be  proved,  that  any  other  indefinitely  imall  portion  of  the  circumference, 
PQ  , may  be  deferibed  with  the  velocity  XB,  in  the  fame  time  in  .which  the.  correfponding 
line  NO  will  be  deferibed  with  the  correfponding  velocity'-  NP  : and  confequently,  by  com- 
pofition,  the  falling  body  will  defeend  through  all  the  indefinitely  fmall  portions  of  the 
perpendicular  AX,  that  is,  through  the  whole  line,  in  the  time  in  w'hich  all  the  correfpond- 
ing  parts  of  the  circumference,  that  is,  .the  .whole  , quadrant  ADB,  is  deferibed  with  an 
uniform  velocity  as  XB. 

Moreover,  the  time  in  which  the  falling  body  defeends  from  A to  M,  is  equal  to  the 
time  in  which  the  arc  AD  is  palled  uver  ; and  the  time  in  which  it  defeends  from  A to  O 
is  equal  to  the  time  in -which  the  arc  AQ^is  deferibed  : but  the  time  in  which  the  arc  AD  is 
palled  over,  is  to  that  in  which  the  arc  AQ^is  palled  over  (firree  they  are  both  deferibed 
with  the  fame  velocity  ) as  the  arc  AD  to  the  arc  AQj  therefore  the -.time  of  defeent  from 
A to  M,  will  be  to  the  time  of  defeent  from  A to  O,  as  the  arc  AD  to  the  arc  AQj  and 
confequently,  by  divifion,  the  time  of  defeent  through  AM  will  be  to  the  time  of  defeent 
through  MO,  as  the  arc  AD  to. the  arc  DQ^ 

Laftly,  let  the  arcs  DP,  PC^,  -be  equal  •,  -join  XP,  and  from  P let  • fall  PS  perpendicular 
to  OQj  the  time  of  defeent  through  MN  will  be  equal  to  that  through  NO  : and,  fince 
the  triangles  LDP,  MDX,  are  fimilar,  and  alfo  SPQ^,  NPX  LP  will  be  to  DP  or  PQ  , 
as  MX  to  XD  or  XP  ; alfo  PQJs  to  SQjts  XP  to  XN  ; and  confequently,  (El.  V.  u.) 
LP  will  be  to'SQjas  XM  to.XN.  But  LP  Ts  as  the  increment  of  the  velocity  acquired 
-while  the  body  is  pa 'fling  over  MN,  and  SQjs  as  the  increment  of  the  velocity  acquired  in 
palling  over  in  an  equal  time  the  indefinitely  fmall  line  NO  •,  and  the  forces  with  which  the 
Tody  is  accelerated  at  M and  N,  .are  as  the  increments  of  the  velocities  generated  in  equal 
times  : the  accelerating  forces  at  M and  N will  therefore  be  as  the  lines  LP,  that  is, 

the  force- with  which  the  body  is  impelled  at  M is  to  that  at  N,  as  the  diftance  XM  to  the 
diftance  XN,  or  the  accelerating  forces  are  as  their  diftances  from  the  centre. 

Cor.  Hence,  converfely,  if  a body,  defeending  from  A to  X is  impelled  by  a force 
which  is  as  its  diftance  from  the  centre  X,  and  that  force  at  the  beginning  of  the  motion 
• is 
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is  expre fled  by- the  right  line  CE  (the  arc  AE  being  taken  indefinitely  fmall)  the  velocities 
of  the  fame  body  in  any  places  M,  O,  will  be  exprdTed  by  the  fines  MD,  OQj  and  the 
times  by  the  arcs  AD,  A Qj  and  the  increments  of  the  velocities,  or,  if  the  arcs  increafe 
equally,  the  accelerating  forces,  will  be  exprefled  by  the  increments  of  the  fines. 

LEM.' II.  . If  a body,  moving  along  the  line  AX,  be  impelled  by  force's 
proportional  to  its  dijlance  from  the  point  X ; from  whatever  height  it  falls , 
it  will  arrive  at  the  point  X in  the  fame  time  ; and  this  time  will  be  to  the 
time  in  which  it  would  move  over  the  whole  line  AX  with  the  velocity 
which  it  acquires  by  falling  from  A to  X,  as  half  the  circumference  of  a 
circle  to  its  diameter * 

Let  two  bodies  be  let  fall  from  the  points  A and  P at  the  fame  time  ; and  let  them  be 
impelled  by  forces  proportional  to  their  diftances  from  the  point  X \ thefe  bodies  will  come 
to  X at  the  fame  time.  From  X as  a centre,  with  the  radii  XA  and  XP,  deferibe  the  two 
quadrants  AB  and  PQj  and  let  the  force  by  which  the  body  A is  impelled,  or,  which  is 
the  fame  thing,  its  velocity  at. the  beginning  of  motion,  be  reprefented  by  RS,  the  fine  of 
the  indefinitely  fmall  arc  AS  : it  is  manifelt  (from  the  Cor.  of  the  preceding  Lemma)  that 
its  velocity,  after  the  fall  to  X will  be  properly  exprefled  by  XB.  But,  by  hypothefis, 
the  force  by  which  the  bodyat  A -is  accelerated,  is  to  that  by  which  the  body  at  P is 
accelerated,  as  AX  is  to  PX,  that  is,  (fince  the  ares  AS  and  PN  are  fimilar)  as  RS  to  MN. 
As  therefore  RS  expreflefc  the  fir  ft  velocity  of'thebody  moving  from  A,  IVIN  will  exprefs 
the  firft  velocity  of  the  body  moving  from  P:  and  confequenrly  (by  the  Cor.  to  the  Lift 
Lemma)  XQj-'rill  exprefs  the  velocity  of  the  body  moving  from  P,  when  it  arrives  at  X. 
Farther,  the  time- of  the  fall  from- A to  X (by  Lemma  I.)  is  equal  to  the  time  in  which 
the  arc  AB  would  be  deferibed  with  a velocity  as  XB  : and  the  time  of  the  fall  from  P 
to  X is  equal  to  the  time  in  which  the  arc  PQ_would  be  deferibed  with  a velocity  as  X(^. 
But  (becaufe-the  line  XQJs  to  the  line -XB  as  the -arc.  PC>_to  the  •-arc  AB,  and  that  the 
fpaces  palled  over  are  proportional  to  the  times)  the  time  in  which  the  arc  AB  is  deferibed 
with  the  velocity  XB  is  equal  to  the  time  in  which  the  arc  PCMs  deferibed  with  the 
velocity  XCL  Wherefore  the  time  of  the.  fall  from  A to  X-will  be  equal  to  the  time  of 
the  fall  from  P to  X.  ... 

Again,  fince  (by  Lem.  I.)  the  time- in  which  a body  would  fall  from  A to  X is  equal  to 
the  time  in  which  it  would  move  over  the  arc  AB,  with  its  laft  acquired  velocity  at  X ; 
and  fince  it  is  evident,  that  the  time  in  which  a body  would  move  over  the  arc  AB  with 
the  velocity  at  X is  to  the  time  in  which  it  would  move  over  AX  with  the  fame  velocity, 
as  AB  is  to  AX  ; the  time  in  which  a body  would  fall  from  A to  X is  to  the  time  in 
which  it  would  move  over  AX  with  the  laft  acquired  velocity,  as  AB  to  AX.  But  AB  is 
to  AX,  as  twice  AB  to  twice  AX,  that  is,  as  half  the  circumference  of  a circle  is  to  its 

diameter. 


/ 


Plate  2, 
Fig.  2. 


40 


OF  MECHANICS. 


Book  II. 


Plate  1. 
f‘g-  3- 


diameter.  Therefore  the  time  in  which  a body  would  fall  from  A to  X,  is  to  the  time  in 
which  it  would  move  over  AX  with  its  laft  acquired  velocity,  as  half  the  circumference  of 
a circle  is  to  its  diameter. 

Def.  VI.  If  a circle,  as  FCH,  be  rolled  along  the  line  AB,  till  it 
has  turned  once  round  ; the  point  C in  its  circumference,  which  at  firfl 
touched  the  line  at  A,  will  deferibe  the  curve  line  ACXB,  which  curve 
is  called  a Cycloid.  The  right  line  AB  is  it;?  bafe  : the  middle  point  X 
is  its  vertex  : a perpendicular,  as  XD,  let  fall  from  thence  to  the  bafe,  is 
its  axis  : and  the  circle  FCH,  or  any  other  as  XGD,  equal  thereto,  is 
called  the  generating  circle . 

LEM.  III.  Tf  on  XD,  the  axis  of  the  cycloid, , as  a diameter,  the  gene- 
rating circle  XGD  be  deferibed ; and  if  from  a point  in  the  cycloid , as  C, 
the  line  CIK  be  drawn  parallel  to  the  bafe , the  portion  of  it  CG,  will  be 
equal  to  the  arc  GX. 

Becaufe  the  generating  circles  FCH,  DGX,  are  equal,  (the  diameter  HF  being  drawn) 
KG  is  equal  to  Cl  ■,  whence,  adding  GI  to  both,  KI  will  be  equal  to  CG  : and  KI,  by  the 
conftru&ion,  is  equal  to  DF  ; therefore  CG  is  equal  to  FD.  By  the  defeription  of  the 
cycloid,  the  arc  CF  is  equal  to  the  line  AF  : and  by  the  conflrudlion  the  arc  CF  is  equal 
to  DG  : therefore  AF  is  equal  to  DG  : but,  by  the  defeription  of  the  cycloid,  AFD  is 
equal  to  DGX  •,  confequently,  FD  is  equal  to  GX : and  CG  was  proved  to  be  equal  to 
FD  : therefore  CG  is  equal  to  GX. 

LEM.  IV.  A tangent  to  the  cycloid  at  the  pohit  C is  parallel  to  GX  a 
« chord  of  the  circle  DGX. 

Draw  ck,  parallel  to  the  bafe  and  indefinitely  near  to  CK  meeting  the  cycloid  in  c,  the 
axis  in  k,  and  the  circle  in  g.  Let  C u and  G //,  parallel  to  the  axis,  meet  ck  in  u and  n, 
and  from  T,  the  centre  of  the  circle  XGDM,  draw  the  radius  TG.  Since  eg  is  equal 
(Lem.  HI.)  to  gX,  gk  being  added  to  both,  ck  will  be  equal  to  Xg-fg£  .•  therefore  cu  the 
cxcefs  of  ck  above  CK  is  equal  to  Gg~yg»,  the  eJccefs  of  Xg+g^'  above  XG-J-Gk..  And, 
if  we  fuppofe  ck  to  approach  towards  CK,  as  G^  and  gn  vanifh,  the  triangles  G^;;  and 
GTK  become  fimilar  •,  for  the  angle  Ggn  is  then  equal  to  the  angle  'I  GK,  fince  both  have 
the  fame  angle  7zGT,  or  its  alternate  GTK,  as  their  complement.  Whence  Gg  is  to  gn 
as  TG  to  TK,  and  (El.  V.  18.)  G^+g/z  to  gn,  as  TG-f-TK  or  DIC  to  TK  ; but  Gn  is 

to  gn  as  GK  to  TK  ; therefore  Gg-pgvj  is  to  Gn  as  DK  is  to  GK,  that  is  (LI.  VI.  8.)  as 
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GK  to  XK.  And  confequently  at  (Ihown  to  be  equal  to  Gg  + gn ) is  to  G«,  or  C «,  as 
GK  to  XK:.  and  if  the  chord  C c be  drawn,  the  triangles  C«c,  XKG,  will  be  fimilar  : fo 
that  the  chord  Cc  (as  the  points  C and  c coincide)  becomes  parallel  to  XG  ; therefore  the 
tangent  of  the  cycloid  at  C is  parallel  to  XG. 


LEM.  V-  If  from  a pomt  of  the  cycloid , as  L,  the  line  LMK  be 
drawn  parallel  to  the  bafe  AB,  the  arc  XL  of  the  cycloid , will  be  double  of 
XM  the  chord  of  the  circle  cor  ref  ponding  thereto ^ 

Draw  the  line  S£  parallel  and  indefinitely  near  to  LK  croffmg  the  circle  in  R,  and  the 
chord  XM  produced,  in  P : join  the  points  X and  R ; on  MP  let  fall  the  perpendicular 
RO.;  and  draw  MN,  XN,  tangents  to  the  circle  at,  M and  X.  Then  will  the  lines  XN 
and  £S,  being  each  perpendicular  to  the  diameter  DX,  be  parallel  : and  the  triangles 
MNX,  MPR,  having  their  angles  at  M vertical,  and  at  P and  X alternate,  will  be 
fimilar.  But  the  tangents  NX  and  NM  are  equal  ; (El.  III.  36.)  whence  the  lines  PR 
and  RM  are  alfo  equal  : the  triangle  RMP  is  therefore  ifofceles  ; and  RO  being  perpendic- 
ular to  its  bafe  MP,  MO  (El.  I.  2 6.)  is  equal  to  OP  ; whence  MP  is  equal  to  twice  MO. 
The  indefinitely  fmall  arc  LS  of  the  cycloid  will  not  aflignably  differ  from  a portion  of  a 
tangent  drawn  through  the  point  L.  LS  may  therefore  (Lem.  IV.)  be  faid  to  be  parallel 
to  MP,  and  confequently  (from  the  parallelifm  of  ML  and  PS)  equal  to  it  : it  is  therefore 
equal  alfo  to  twice  MO.  But  LS  is  the  difference  between  the  cycloidal  arcs  XL  and  XS  5 
and  MO  is  the  difference  between  the  chords  XM  and  XR  : for  fince  XO  and  XR  are  in- 
definitely near  to  each  other,  RO  which  is  perpendicular  to  one  of  them,  may  be  confidered 
as  perpendicular  to  both  : the  indefinitely  fmall  difference  therefore  between  any  two  arcs 
of  the  cycloid  is  twice  that  which  is  between  the  two  correfponding  chords  of  the  circle  ; 
and  the  fame  is  true  when  the  magnitude  of  the  difference  is  affignable,  becaufe  fuch  differ- 
ence is  compounded  of  indefinitely  fmall  parts.  Now,  any  arc  whatfoever  may  be  con- 
fidered as  a difference  between  two  arcs,  and  confequently  any  arc,  as  XL,  is  double  of 
the  correfponding  chord  XM., 

Cor.  Since  when  the  arc  XL  becomes  XB,  the  correfponding  chord  XM  becomes  XD 
the  diameter  of  the  circle  DMX  •,  it  is  obvious,  that  the  femicycloid  BX,  or  AX,  is  equal 
to  twice  DX  the  diameter  of  the  generating  circle  DMX. 

LEM.  VI.  If  a body  defends  in  a cycloid. , the  force  of  gravity , fo  far 
as  it  alls  upon  the  body  in  caufing  it  to  defend  along  the  cycloid , will  be 
proportional  to  the  difance  of  the  body  from  the  lowef  point  of  the  cycloid \ 

Let  the  cycloid  be  AXB,  whofe  bafe  is  AB,  and  its  axis  DX  ; on  which  laff,  as  a 
■diameter,  describe  the  generating  circle  DQX  ; draw  the  chords  OX  and  QX  ; through 
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the  points  O and  Q_,  and  parallel  to  the  bafe  AB,  draw  the  lines  LS  and  MR  ; draw  alfo 
the  tangents  LV  and  MY.  Then  becaufe  (by  Lem.  IV.)  the  tangent  LV  is  parallel  to 
OX,  and  the  tangent  MY  parallel  to  QX,  it  is  obvious  that  gravity  exerts  the  fame 
power  upon  a body  defcending  in  the  cycloid  at  L (becaufe  it  then  defcends  in  the  tangent 
LV)  as  it  would  do  upon  the  fame  body  defcending  along  the  chord  OX  : and  for  the  like 
reafon,  it  exerts  the  fame  force  upon  it  when  it  comes  to  M,  that  it  would  do  if  it  were 
defcending  along  QX  : but  (from  Prop.  XXXV.)  the  power  or  force  of  gravity  upon 
bodies  defcending  along  the  chords  OX  and  QX,  are  as  the  lengths  of  thole  chords  ; that  is, 
by  Lem.  V.  (halves  being  proportional  to  their  wholes)  as  the  length  of  the  cycloidal  arcs 
LX  and  MX.  The  force  therefore  of  gravity  upon  a body  defcending  in  the  cycloidal  at 
the  point  L is  to  its  force  upon  the  fame  when  at  M (as  may  be  faid  of  any  other  cor- 
refponding  points)  as  the  fpace  or  diltance  it  has  to  move  over  in  the  former  cafe,  before  it 
reaches  the  lowed;  point  X,  to  that  which  it  has  to  pafs  over  in  the  latter,  before  it  arrives 
at  the  fame  point. 

PROP.  XLV.  If  a pendulum  be  made  to  vibrate  in  a cycloid,  all  its 
vibrations,  however  unequal  in  length,  will  be  performed  in  equal  times. 

The  force  of  gravity,  (by  Lem.  VI.)  fo  far  as  it  caufes  a body  to  defcend  in  a cycloid,  is 
proportional  to  the  diftance  of  that  body  from  the  lowed:  point : imagine  then  that  body  to» 
be  a pendulum  vibrating  in  the  cycloid,  and  from  whatever  point  it  fets  out,  it  will  (by- 
Lem.  II.)  come  to  the  lowed;  point  in  the  fame  time  : and  confequently,  fince  the  fame  may- 
be eafily  inferred  in  its  afcending  from  that  point,  all  its  vibrations,  be  they  large  or  fmall* 
will  be  performed  in  the  fame  time. 

Schol.  This  propofition  is  demonftrated  only  on  the  fuppofition  that  the  whole  mafs  of 
the  pendulum  is  concentrated  in  a point,  for  it  cannot  otherwife  take  place,  becaufe  as  the 
bring  varies  in  its  length,  the  centre  of  ofcillation  of  a body  will  vary.  On  this  account, 
therefore,  pendulums  vibrating  in  circular  arcs  are  now  always  ufed,  for  the  fame  arcs  will 
be  always  defcribed  in  the  fame  time. 

•* 

PROP.  XL VI.  To  make  a pendulum  vibrate  in  a given  cycloid. 

Plate  i.  Let  AXB  be  the  given  cycloid  ; its  bafe  AB,  its  axis  DX,  and  its  generating  circle 
J"Z-  4-  DQX,  as  before  : produce  XD  to  C,  till  DC  is  equal  to  DX  : through  C draw  the  line 

EF  parallel  to  AB,  and  take  CE  and  CF,  each  equal  to  AD  or  DB  ; and  on  the  line  CE 
as  a bafe,  and  with  the  generating  circle  AGE  equal  to  DQX,  defcribe  the  femicycloid. 
CTA,  whofe  vertex  will  therefore  touch  the  bafe  of  the  given  cycloid  in  A.  And  on  the 
line  CF  alfo  as  a bafe,  defcribe  an  equal  femicycloid  CB.  Let  the  femicycloids  CA,  CB, 
reprefent  thin  plates  of  metal  bent  to  their  figure,  and  on  the  point  C,  hang  tljie  pendulum 
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CTP  by  a flexible  line  equal  in  length  to  the  line  CX.  The  upper  part  of  its  ftring  (as 
CT,  in  its  prefent  fituation  in  the  figure)  as  it  vibrates,  will  then  apply  itfelf  to  the 
cycloidal  cheeks  CA  and  CB,  and  a ball  at  P will  ofcillate  in  the  given  cycloid  AXB. 

Draw  TG  and  PH  each  parallel  to  the  bafe  AB,  and  draw  AG,  and  DH.  Then  (Lem.  V. 
Cor.)  AC  is  equal  to  twice  AE  ; and  by  conftru£tion,  twice  DC,  that  is,  twice  AE,  is 

equal  to  CX  ; therefore  AC  is  equal  to  CX.  Alfo,  by  conftriuftion,  CTP  is  equal  to  CX, 

that  is,  to  ATC  : whence,  taking  away  CT,  AT  is  equal  to  TP.  By  Lem.  IV.  GA  is 
parallel  to  TP ; and,  by  conftru£lion,  AK  is  parallel  to  GT  ; therefore  GA  is  equal  to 
TK,  and  GT  to  AK  •,  but  (Lem  V.)  GA  is  half  TA  •,  therefore  TK  is  equal  to  half 

TA : fince  therefore  it  has  been  proved  that  TA  is  equal  to  TP,  TK  is  equal  to  half 

TP,  that  is,  to  KP.  Hence  it  is  manifeft,  that  the  parallel  lines  GT,  PH  are  equally 
diftant  from  AD,  the  arc  GA  equal  to  the  arc  DH,  the  chords  GB  and  DH  parallel,  and 
GE  equal  to  HX.  And,  becauie  GA  has  been  fhewn  to  be  parallel  to  TK,  and  alfo  to 
DH,  KP  and  DH  are  parallel-,  whence  KD  is  equal  to  PH.  But  (Lem.  III.)  GT, 
that  is,  AK  is  equal  to  the  arc  AG  : and  by  the  defeription  of  the  femicycloid  CTA, 
AKD  is  equal  to  AGE  ; therefore  KD  is  equal  to  EG,  that  is,  PH  is  equal  to  HX. 
And  (by  Lem.  III.)  if  PH  be  equal  to  HX,  P is  a point  in  the  cycloid  AXB.  The  ball 
of  the  pendulum  therefore  being  at  that  point,  is  in  the  given  cycloid. 

Schol.  i.  It  is  eafy  to  conceive,  that  in  a pendulum  there  mud  be  fome  one  point,  on 
each  iide  of  which  the  momenta  of  the  feveral  parts  of  the  pendulum  will  be  equal,  or  in 
which  the  whole  gravity  of  the  pendulum  might  be  colle£led  without  altering  the  time  of 
its  vibrations.  This  point,  which  is  called  the  centre  of  ofcillationy  is  different  from  the 
centre  of  gravity  : for  if  a plane,  perpendicular  to  the  ftring  of  the  pendulum  AB  be  con- 
ceived to  pafs  through  the  centre  of  the  ball  B,  bifeffing  it ; the  velocity  of  the  lower  half, 
and  confequently  its  momentum,  will,  in  vibration,  be  greater  than  that  of  the  upper  half : 
confequently  the  centre  of  ofcillation  mult  be  farther  from  A than  the  centre  of  gravity  is  ; 
and  a plane  palling  through  the  centre  of  ofcillation  will  divide  die  ball  into  two  unequal 
parts,  fo  that  the  greater  quantity  of  matter  above  it,  fhall  compenfate  for  the  greater  veloci- 
ty below  it,  and  the  momenta  on  each  fide  be  equal.  If  the  pendulum  be  an  inflexible  rod 
every  where  of  equal  fize,  it  is  found,  that  the  diftance  of  the  centre  of  ofcillation  from  the 
point  of  fufpenfion  is  two-thirds  of  the  length  of  the  rod. 

If,  whilft  a pendulum  is  in  motion,  it  meets  with  an  obftacle  at  its  centre  of  ofcillation 
fufficient  to  Hop  it,  the  whole  motion  of  the  pendulum  will  ceafe  at  once,  without  any 
jarring  : for  the  obftacle  refills  equal  momenta  above  and  below  this  point  ; which  is  there- 
fore alfo  called  the  centre  of  percuffton, 

Schol.  2.  The  vibrations  of  pendulums  are  fubje£t  to  many  irregularities,  for  which 
no  effectual  remedy  has  yet  been  devifed.  Thefe  are  owing  partly  to  the  variable  denfity 
and  temperature  of  the  air,  partly  to  the  rigidity  and  fri£lion  of  the  rod  by  which  they  are 
fufpended^and  principally  to  the  dilatation  and  contraction  of  the  materials,  of  which  they 
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are  formed.  The  metalline  rods  of  pendulums  are  expanded  by  heat,  and  contracted  by' 
cold  ; therefore  clocks  will  go  flower  in  fummer,  and  fafter  in  winter.  The  common 
remedy  for  this  inconvenience  is  the  raifing  or  lowering  the  bob  of  the  pendulum  (by  means 
of  a fcrew)  as  the  occafion  may  require.  By  the  laft  fcbolium  it  appears,  that  a pendulum 
confiding  of  a tube  of  glafs  or  metal,  every  where  uniform,  filled  with  quickfilver,  and 
58.8  inches  long  will  vibrate  feconds  ; for  4 of  58.8  is  equal  to  39.2.  Such  a pendulum 
will  be  expanded  and  contracted  at  the  fame  time for  when  the  tube  is  extended  by  heat, 
the  mercury  will  alfo  be  expanded,  and  by  riling  in  the  tube,  will  raife  the  centre  of  ofcil- 
lation,  fo  that  its  diltance  from  the  point  of  fufpenfion  will  be  diminifhed,  and  the  vibrations 
of  the  pendulum  which  would  have  been  rendered  flower  by  the  expanfion  of  the  tube,  will 
become  quicker  by  the  expanfion  of  the  mercury  : and  by  adjufting  the  tube  and  mercury  in 
fuch  a manner,  that  thefe  contrary  effeCts  may  be  the  fame,  a clock  with  fuch  a pendulum 
would  admit  of  little  or  no  variation  for  a long  time.  Phil.  Tranf.  N0,  392.  p.  40. 

SECT.  IV. 

Of  the  Centre  of  Gravity . 

PROP.  XLVII.  In  every  body  there  is  a centre  of  gravity , or  a point 
about  which  all  its  parts  balance  each  other.- 

Let  AB  be  an  inflexible  rod,  throughout  uniform  and  of  the  fame  denfity : let  it  be 
fupported  at  the  point  C,  equally  diftant  from  its  extreme  points  A and  B,  by  the  prop  C. 
Let  A and  B be  indefinitely  fmall  and  equal  portions  of  the  rod  AB.  Thefe  portions,  A 
and  B,  tend  towards  the  centre  of  the  earth  with  equal  forces  of  gravitation.  They  would 
likewife,  without  obftruCtion,  move  with  equal  velocities  : for  if  the  rod  AB  be  moved 
on  its  prop  till  it  come  iqto  the  pofition  DE,  the  velocities  of  the  parts  A,  B,  or  F,  will 
be  as  the  fpaces  over  which  they  pafs  in  the  fame  time  •,  that  is,  as  the  arcs  AD,  EB  or 
FG;  which  arcs  are  as  their  refpeCtive  circumferences,  or  as  their  diameters  or  radii : 
whence  the  velocity  of  the  part  B is  to  the  velocity  of  the  part  A,  or  F,  as  BC  is  to  AC, 
or  FC.  And  the  quantities  of  matter  in  A and  B are  by  fuppofition  equal.  Therefore,  if 
die  parts  A and  B were  in  motion,  they  would  have  equal  momenta  ; that  is,  the  efforts 
which  A and  B make  to  defcend  towards  the  earth,  are  equal.  But  thefe  efforts  counteract 
each  other : for,  whilft  the  portion  A endeavours  with  a certain  force  to  draw  down  one 
arm  of  the  rod,  the  other  portion  B endeavours  with  the  fame  force  to  draw  down  the  other 
arm,  that  is,  fince  the  rod  is  inflexible,  to  raife  the  portion  A.  Therefore  the  portion  A is 
aCted  upon  by  two  equal  forces  in  contrary  directions,  and  confequently  muft  be  at  reft. 
For  the  fame  reafon,  the  portion  B will  be  at  reft.  And  the  fame  may  be  fllewn  concerning 
any  other  equal  portions,  at  equal  diftances  from  C,  in  the  rod  AB.  Therefore  the  rod 
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will  be  at  reft  ; that  is,  the  parts  on  each  fide  of  the  point  will  balance  each  other,  and  C 
will  be  the  centre  of  gravity. 

If  the  rod  were  placed  oblique  to  the  prop  C,  indefinitely  fmall  and  equal  parts  being 
taken,  as  before,  at  equal  diftances  from  C,  and  refolving  each  oblique  force  into  an  hori- 
zontal and  perpendicular  force  (as  in  Prop.  XVI.)  it  might  be  (hewn,  by  a fimilar  manner 
of  reafoning,  that  they  would  tend  towards  the  earth  with  equal  forces,  and  confequently, 
that  an  equilibrium  would  be  produced. 

And  if,  inftead  of  equal  portions  of  the  rod,  portions  of  matter  were  placed  at  different  Fig-  6. 
diftances,  which  fliould  be  to  each  other  inverfely  as  thofe  diftances,  as  at  F and  B,  the 
equilibrium  would  (till  be  preferved  : for  the  forces  with  which  fuch  portions  of  matter,  fo 
fituated,  would  endeavour  to  defeend,  would  be  equal,  when  the  quantities  of  matter, 
multiplied  into  the  velocities  with  which  they  are  endeavouring  to  move,  that  is,  into  their 
diftances  (Prop.  XI.  Cor.)  are  equal  ; as  will  be  more  fully  (hewn,  in  treating  of  the 
Mechanical  Powers. 

Since,  therefore,  all  the  parts  of  any  irregular  body  may  be  referred  to  fome  one  of  the 
above  cafes,  it  is  manifeft,  that  there  is  in  every  body  a certain  point,  the  parts  on  each  fide 
of  which,  balance  each  other. 

PROP.  XL VIII.  If  the  centre  of  gravity  in  any  body  be  fupported, 
the  whole  body  is  fupported  ; if  this  centre  be  not  fupported,  the  body 
will  fall. 

For,  when  the  centre  of  gravity  is  fupported,  the  body  refts  on  a prop  on  which  the 
parts  on  each  fide,  adling  with  equal  force  againft  each  other,  will  (Prop.  XLVII.)  be  in 
equilibrio,  and  neither  fide  will  move  ; but  when  this  centre  is  not  fupported,  but  the  body 
has  a prop  under  fome  other  point,  the  parts  of  the  body  on  one  fide  of  that  other  point  will 
over-balance  the  parts  on  the  other  fide,  and  the  body  will  fall. 

Cor.  Whenever  a body  moves  by  the  power  of  gravitation,  or  falls,  its  centre  of 
gravity  defeends  : for  if  this  centre  do  not  defeend,  it  mud  be  fupported  ; and  if  the  centre 
be  fupported,  the  whole  body  is  fuftained  or  kept  from  falling. 

Exp.  i.  Let  a board  of  a circular  form  be  fuftained  perpendicularly  on  its  centre  of 
gravity,  it  will  be  at  reft  in  any  pofition. 

2.  A beam  turning  on  an  axis  which  pafles  through  its  centre  of  gravity  will  reft  in  the 
fame  manner. 

3.  A beam,  whofe  axis  pafles  through  a point  which  is  dire&ly  above  the  centre  of 
gravity,  will  be  at  reft  only  when  the  beam  is  parallel  to  the  plane  of  the  horizon,  becaufe 
the  centre  of  gravity  will  be  then  fallen  as  low  as  poflible. 

4.  A cylinder,  which  has  its  centre  of  gravity  near  one  of  its  fides,  will  roll  up  an  in- 
clined plane,  if  the  fide  neareft  the  centre  of  gravity  be  placed  towards  the  upper  part  of 
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the  plane  •,  for  this  centre,  endeavouring  to  defcend,  will  carry  the  cylinder  forward  in  the 
afcending  direction  of  the  plane. 

5.  Let  a body  confiding  of  two  equaLand  fimilar  cones  united  at  their  bafes,  be  placed 
upon  the  edges  of  two  ftraight  and  fmooth  rods,  which  at  one  end  meet  in  an  angle,  and 
red  upon  an  horizontal  plane,  and  at  the  other  are  raifed  a little  above  the  plane,  the  body- 
will  roll  towards  the  elevated  end  of  the  rules,  and  appear  to  afcend,  while  its  centre  of' 
gravity  defcends  ; as  may  be  feen  by  applying  a dring  horizontally  above  the  path  of  the 
bafe  of  the  cones. 

PROP.  XLIX.  If  the  line  of  dire&ion  comes  within  the  bafe  on 
which  any  body  is  placed  horizontally,  the  body  will  be  fuftained  ; 
otherwife  it  will  fall. 

In  the  body  ABDE  let  C be  the  centre  of  gravity.  The  line  of  direction  CO  (that  is, 
the  line  drawn  from  the  centre  of  gravity  towards  the  centre  of  the  earth)  being  within 
the  bafe  DE,  the  body  will  be  fupported,  becaufe  the  weight  prefTes  upon  the  bafe.  AIfi> 
fince  the  body  cannot  fall  towards  K without  turning  round  cn  the  point  E,  the  point  C 
mud  in  the  motion  afcend  towards  F,  contrary  to  Prop.  XLVIII.  Cor.  But  in  the  pofition 
of  the  body  abde , co  the  line  of  direction  falling  out  of  the  bafe,  c in  its  motion  towards  U 
defcends,  and  the  body  will  fall. 

Our  own  motions  and  actions  are  fubjeft  to  this  r^e.  When  a man  {lands  Upright,  his 
centre  of  gravity  falls  between  his  feet,  and  he  is  fupported  *,  but  If  he  lean  forward  he 
throws  the  fine  of  dir  eft  ion  without  his  bafe,  and  he  would  fall  if  he  did  not  put  forward 
one  of  his  feet  fo  as  to  caufe  it  to  fall  within.  Hence  a porter  with  a load  on  his  back  leans 
forward  that  the  load  may  not  throw  the  line  of  direftion  out  of  his  bafe  behind  ; and  by 
an  artful  adjuding  of  this  point  it  is  that  fuch  wonders  are  performed  in  horfemanfliip,  and 
on  the  tight  and  flack  rope,  &c. 

Exp.  1.  Anybody  of  a cylindrical  or  other  regular1  form,  fo  placed  upon  its  bafe,  that 
its  line  of  direftion  does  not  come  within  the  bafe  (which  may  be  feen  by  a cord  and  weight 
fufpended  from  the  centre  of  gravity)  will  fall ; otherwife  it  will  not  fall. 

2.  Let  two  bodies  be  laid  upon  an  inclined  plane,  the  one  a cube,  the  other  a figure 
with  many  fules,  and  let  the  line  of  direftion  of  the  former  fall  within  the  bafe,  and  that 
of  the  latter  without  the  bafe,  the  former  body  will  Jlide,  the  latter  roll  down  tire  plane. 


Def.  VII.  The  centre  of  motion  i-s  the  point  about  which  a body 
moves. 
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PROP.  L.  A heavy  body  fufpended  on  a centre  of  motion  will  be  at 
reft,  if  the  centre  of  gravity  is  diredtly  under,  or  above,  the  centre  of 
motion  ; otherwife  it  will  move^ 

If  a heavy  body  E,  hangs  by  a firing  on  a centre  of  motion  C,  the  action  of  gravitation  Plate  5 
at  E,  is  in  the  diredtion  EL,  contrary  to  the  direction  in  which  the  firing  a£ts  to  prevent  Fl2- 
the  body  from  falling.  In  this  pofition,  therefore,  the  oppofite  forces  being  equal  and 
in  contrary  directions,  deflroy  each  other,  and  the  body  is  at  reft..  But  if  the  body  is 
at  p,  one  of  the  forces  a£ts  in  the  direction  pC , and  the  other  in  the  direction  y>L,  that  is,  in 
directions  oblique  to  each  other,  whence  the  body  will  move  in  the  diagonal  of  the  paralle- 
logram formed  by  pC,  ph.  And  in  all  cafes,  fince  (without  the  aid  of  mechanical  powers 
afterwards  explained)  the  force  which  fuftains  any  body  muft  be  equal  to  its  weight,  the 
centre  of  gravitation  can  only  be  at  reft  when  thefe  forces  are  in  the  fame  line  of  direction, 
that  is,  when  the  centre  of  gravity  is  direCtly  under,  or  direCtly  above,  the  centre  of  motion. 

Exp.  A circular  board  fuftained  at  a point  above  or  below  the  centre  of  gravity,  will 
only  be  at  reft  when  the  centre  of  gravity  is  at  the  loweft  point,  that  is,  in  the  line  of  direc- 
tion  ; or  when  the  centre  of  gravity  is  in  the  fame  line  above  the  centre  of  motion. 

Schol.  If  two  or  more  bodies  be  united,  they  may  be  confidered  as  one,  and  have  a 

common  centre  of  gravity. 

* 

Exp.  1.  Let  two  unequal  balls  be  fixed  upon  the  ends  of  a wire,  they  will  have  a 
common  centre  of  gravity. 

2.  A board,  which  of  itfelf  would  fall  from  a table  (its  centre  of  gravity  lying  beyond 
the  edge  of  the  table)  may  be  made,  in  the  fame  pofition,  to  fupport  a veflel  of  water,  hang- 
ing upon  it  near  the  table ; if  a flick,  fixed  with  one  end  at  the  bottom  of  the  veflel,  and 
the  other  in  a hole  in  the  horizontal  board,  be  long  enough  to  pufh  the  veflel  a little  out  of 
the  perpendicular,  that  is,  to  bring  the  centre  of  gravity  of  the  whole  under  the  table. 

Schol.  The  common  centre  of  gravity  of  any  number  of  bodies  maybe  thus  found.  Plate 
Let  C be  the  common  centre  of  gravity  of  two  bodies,  dividing  their  diltances  (fee  Prop.  Fi2-  * 
XL VII.)  in  fuch  a manner,  that  AC  is  to  CB,  as  B to  A ; whence  Ax  AC=BxBC,  and 
confequently,  if  the  point  C is  fupported,  the  bodies  A and  B balance  each  other.  Suppofe 
a third  body,  equal  to  the  fum  of  A and  B,  placed  in  their  common  centre  of  gravity  C ; 
from  the  point  C draw  a right  line  to  the  centre  of  a third  body  D,  which  divide  in  O,  fo 
that  OD  may  be  to  OC,  as  A+B  is  to  D •,  then  is  O the  common  centre  of  the  three 
bodies,  A,  B}  D.  In  the  fame  manner  may  be  found  the  common  centre  of  any  number  of 
bodies. 
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PROP.  LI.  If  any  number  of  bodies  move  uniformly  in  right  lines, 
whether  in  the  fame  or  different  directions,  their  common  centre  of 
gravity  is  either  at  reft,  or  moves  uniformly  in  a right  line. 

If  two  bodies,  A and  B,  move  towards  each  other  in  the  fame  right  line,  having  their 
common  centre  of  gravity  C,  and  their  momenta  equal,  the  velocity  of  A will  be  to  that  o£ 
B,  as  the  body  B to  the  body  A,  that  is  (as  was  {hewn,  Prop.  XLVII.)  as  AC  to  BC. 
Whence  (Prop.  VI.)  whilft  A pafles  through  AC,  B will  pahs  through  BC,  and  the  bodies 
will  meet  in  C,  which  is  their  centre  of  gravity  during  their  motion,  and  at  the  time  of 
concourfe  : therefore  the  point  C remains  at  reft. 

In  the  fame  manner,  it  may  be  (hewn,  that  if  the  bodies  recede  from  each  other  witk 
uniform  motions,  the  centres  of  gravity  will  be  at  reft. 

Next,  fuppofe  that  two  bodies,  A and  B,  move  in  different  diredlions  AC,  BD,  defcribing 
equal  fpaces  AC,  CE,  and  BD,  DF,  in  equal  times ; their  common  centre  of  gravity  L, 
will  move  uniformly  in  a right  line.  Produce  CA,  DB,  till  they  meet  in  G : Make  AG  to 
GH,  as  AC  is  to  BD  ; draw  the  right  line  AH  5 and  through  C and  E draw  Cl,  EK, 
parallel  to  API.  AC  is  to  HI  (El.  VI.  2.)  as  AG  to  GH,  that  is,  as  AC  to  BD  : Therefore 
(El.  V.  9.)  HI  is  equal  to  BD,  and  adding  IB  to  each,  HB  is  equal  to  ID.  In  like  manner, 
CE  is  to  IK,  as  AG  to  GH,  that  is,  as  AC  to  BD,  or  CE  to  DF  : Therefore  (El.  V.  9.} 
IK  is  equal  to  DF,  and,  adding  KD  to  each,  ID  is  equal  to  KF  : But  ID  was  proved  to  be 
equal  to  HB  ; therefore,  KF  is  equal  to  HB.  From  L,  the  common  centre  of  gravity  of 
the  bodies  A and  B,  draw  LM  parallel  to  BD  : Draw  GM,  and  produce  it  till  it  cut  Cl, 
EK,  in  the  points  N and  O ; and  through  thefe  points  draw  NP,  OQ^,  parallel  to  BD. 
AT.  is  to  LB  (El.  VI.  2.)  as  AM  to  MH  ; and  CP  to  PD,  (as  CN  to  NI,  that  is)  as 
AM  to  MH  ; therefore  (El.  V.  1 1.)  CP  is  to  PD,  as  AL  to  LB,  that  is,  (becaufe  L is  the 
common  centre)  as  B to  A.  Confequently,  P will  be  the  common  centre  of  the  bodies 
when  they  are  found  in  C and  D : And  in  like  manner,  it  may  be  fhewn,  that  Q^will  be 
their  common  centre,  when  they  are  in  E and  F.  But,  fince  ML  is  to  HB,  as  AM  to  AH, 
that  is,  as  CN  to  Cl,  that  is,  as  NP  to  ID,  and  that  PIB  has  been  proved  to  be  equal  to 
ID,  ML  is  equal  to  NP  •,  and,  in  like  manner,  NP  equal  to  Whence  (ML,  NP, 

OQ_,  being  parallel  to  one  another)  the  line  LPQJis  equal  to  the  line  MNO,  and,  the 
points  P,  Q^,  (any  points  of  the  line  in  which  the  common  centre  of  gravity  is  found  as 
The  bodies  are  moving  from  A to  E,  and  from  B to  F)  will  be  in  a right  line.  Moreover, 
fince  (El.  VI.  2.)  AC  is  to  CE,  as  MN  to  NO,  or  LP  to  PQ^,  and  that  AC  is  equal  to 
CE,  LP  will  be  equal  to  PQ^  Therefore  the  common  centre  of  gravity  of  the  bodies  A and 
B,  is  always  in  the  lame  right  line,  and  moves  uniformly,  or  pafles  over  equal  fpaces  in 
equal  times. 

In  like  manner,  the  common  centre  of  thefe  two  bodies  and  any  third  body,  or  of  the 
three  bodies  and  a fourth,  &c,  being  found,  it  may  be  proved  that  it  moves  uniformly  in  a 
right  line. 
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Cor.  i.  Hence  it  is  manifeft,  that  any  forces  atting  upon  a fyftem  of  bodies,  mud  afF:£t 
the  motion  of  the  common  centre  of  gravity  of  that  fyftem,  in  the  fame  manner  as  if  the 
fame  force  were  fimilarly  applied  to  a body  equal  to  the  fum  of  all  the  bodies,  placed  in  the 
common  centre  of  gravity.  And  the  mutual  actions  of  the  parts  of  a fyftem  upon  each 
other,  producing  (by  Prop.  III.)  equal  momenta  in  contrary  directions,  cannot  change  the 
date  of  motion  or  reft  of  their  common  centre  of  gravity.  Confequently,  the  law  of  a 
fyftem  of  bodies,  as  to  motion  or  reft,  is  the  fame  as  that  of  one  body,  and  is  rightly 
eftimated  from  the  motion  of  its  centre  of  gravity. 

Cor.  2.  Hence  the  centre  of  gravity  of  a fyftem  of  bodies,  will  not  be  difturbed  by 
their  mutual  attractions,  as  the  motions  thus  communicated  are  always  equal  and  oppofite. 
Hence  the  centre  of  gravity  of  our  fyftem  of  planets  is  either  at  reft,  or  moves  uniformly 
in  a ftraight  line.  The  latter  is  fuppofed  by  Dr.  Herfchel  to  be  the  cafe. 


CHAP.  VI. 

Of  Motion  as  direbled  by  certain  Injlruments  called  Mechanical  Powers. 

Bee.  VIII.  That  body  which  communicates  motion  to  another,  is 
called  the  Power. 

Def.  IX.  That  body  which  receives  motion  from  another,  is  called 
the  Weight. 

Def.  X.  The  Lever  is  a bar  moveable  about  a fixed  point,  called  its 
fulcrum,  or  prop.  It  is  in  theory  confidered  as  an  inflexible  line  without 
weight.  It  is  of  three  kinds  ; the  firft,  when  the  prop  is  between  the 
weight  and  the  power  ; the  fecond,  when  the  weight  is  between  the 
prop  and  the  power ; the  third,  when  the  power  is  between  the  prop 
and  the  weight. 

Exp.  Let  the  three  kinds  of  the  lever  be  (hewn,  as  in  Plate  2,  Fig.  12,  13,  14. 

PROP.  LII.  A power  and  weight  atfting  upon  the  arms  of  a lever 
will  balance  each  other,  when  the  diftance  of  the  point  at  which  the 
power  is  applied  to  the  lever  from  the  prop,  is  to  the  diftance  of  the 
point  at  which  the  weight  is  applied,  as  the  weight  is  to  the  power. 
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Let  C be  the  centre  of  motion  in  the  lever  KL  ; let  A and  B be  any  two  powers  applied 
to  it  at  K and  L,  ailing  in  the  directions  KA  and  LB.  From  the  centre  of  motion  C,  let 
CM  and  CN  be  perpendicular  to  thofe  directions  in  M and  N ; fuppofe  CM  to  be  lefs  than 
CN,  and  from  the  centre  C,  at  the  dillance  CN,  defcribe  the  circle  NHD,  meeting  KA 
in  D.  Let  the  power  A be  reprefented  by  DA,  and  let  it  be  refolved  into  the  power  DG 
acting  in  the  direClion  CD,  and  the  power  DF  perpendicular  to  CD,  by  completing  the 
parallelogram  AFDG.  The  power  DG,  ailing  in  the  direition  CD  from  the  centre  of  the 
circle,  or  wheel,  DHN  towards  its  circumference,  has  no  effeCt  in  turning  it  round  the 
centre,  from  D towards  H,  and  tends  only  to  carry  it  off  from  that  centre.  It  is  the  part 
DF  only  that  endeavours  to  move  the  wheel  from  D towards  H and  N,  and  is  wholly  em- 
ployed in  this  effort.  The  power  B may  be  conceived  to  be  applied  at  N as  well  as  at  L, 
and  to  be  wholly  employed  in  endeavouring  to  turn  the  wheel  the  contrary  way,  from  N 
towards  H and  D.  If,  therefore,  the  power  B be  equal  to  that  part  of  A which  is  repre- 
fented by  DF,  thefe  efforts  being  equal  and  oppofite,  mult  deflroy  each  other’s  effeil ; that 
is,  when  the  power  B is  to  the  power  A,  as  DF  to  DA,  or,  (becaufe  of  the  fimilarity  of 
the  triangles  AFD,  DMC)  as  CM  to  CD,  or  as  CM  to  CN,  then  the  powers  muft  be 
in  equilibrio  •,  and  thofe  powers  will  fuftain  each  other,  which  are  inveifely  as  the  diltances 
of  their  directions  from  the  centre  of  motion. 

Otherwife-,  Cafe  i.  When  the  power  aCls  perpendicularly:  Let  AB  be  the  lever,  C 
the  prop,  P the  power,  W the  weight.  The  force  with  which  any  body  moves  being  as 
its  momentum,  (Prop.  XIII.)  and  its  momentum  as  the  quantity  of  matter  multiplied  into 
the  velocity,  (by  Prop.  XI.  Cor.)  the  force  with  which  the  weight  W would  move  in  the 
firfl  inftant  of  its  motion,  if  no  other  body  counteracted  it,  would  be  as  its  quantity  of 
matter  multiplied  into  its  velocity.  But  becaufe  the  weight  W is  fufpended  from  the  lever 
AB  at  the  point  B,  it  would  move  with  the  fame  velocity  as  this  point  j which  (as  was 
Ihewn  in  Prop.  XLVII.)  is  as  the  diflance  of  the  point  B from  the  prop  C,  or  D.  The 
force  therefore  with  which  the  weight  W would  move  without  any  counteracting  force,  is 
as  its  quantity  of  matter  multiplied  into  the  diltance  of  the  point  of  fufpenfion  B from  the 
prop  C,  or  D.  But  the  weight  will  be  prevented  from  defcending,  if  a force  equal  to  that 
with  which  it  would  defcend  without  obftruCtion,  aCls  upon  it  in  the  contrary  direction  j 
that  is,  if  a force  be  applied  to  raife  the  point  B of  the  lever  AB,  equal  to  that  with  which 
the  weight  W would  draw  it  downwards.  Let  the  power  P be  fufpended  from  the  other 
extremity  of  the  lever  at  the  point  A *,  and  let  the  quantity  qf  matter  in  the  power  P multi- 
plied into  the  dillance  of  A,  its  point  of  fufpenfion  from  C,  or  D,  be  equal  to  the  quantity 
of  matter  in  the  weight  W multiplied  into  the  dillance  of  B from  C,  or  D ; it  appears  from 
what  has  been  faid  concerning  the  weight,  that  the  force  with  which  the  power  P,  without 
obftruClion,  would  defcend  and  draw  down  the  point  A,  is  equal  to  the  force  with  which 
the  weight  W would  defcend  and  draw  down  the  point  B.  But,  as  much  force  as  the  power 
P exerts  to  draw  down  the  point  A,  it  exerts  to  raife  the  point  B.  Therefore  equal  and 
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oppofite  forces  are  exerted  to  raife  and  deprefs  the  point  B ; an  d confequently  it  will  continue 
at  reft,  and  the  weight  and  power  will  balance  each  other. 

Cafe  2.  When  the  power  adls  obliquely  : 

Let  the  weight  A hang  freely  from  one  end  of  a balance,  fo  as  to  have  its  line  of  direc- 
tion DA  perpendicular  to  the  arm  of  the  balance  ; and  let  another  weight  as  B,  be  hung  at 
the  other  end  E,  in  fuch  manner  that  its  line  of  direction  EC,  by  palling  over  a pulley  at 
C,  may  be  oblique  to  the  arm  of  the  balance.  If  the  whole  force  of  gravity  in  the  weight 
B adding  in  the  direction  EC,  be  denoted  by  the  line  EC,  it  may  be  refolved  into  two  forces 
denoted  by  EF  and  FC,  adding  in  the  direddions  of  thefe  lines  ; of  which  two  forces,  the 
latter  only,  which  adds  in  the  direddion  FC  perpendicular  to  the  arm  of  the  balance,  refills 
the  force  of  gravity  in  the  weight  A,  the  other  force  FE  adding  in  the  direddion  of  the  line 
of  the  lever.  Since,  therefore,  that  part  of  the  weight  B which  adds  in  oppofition  to  the 
weight  A,  is  to  the  whole  weight  B,  as  FC  to  EC  ; it  is  manifeft,  that  in  order  to  make 
the  weight  B balance  the  weight  A,  it  mull  exceed  the  weight  A,  in  the  fame  ratio  that 
the  line  EC  exceeds  the  line  FC.  If  from  G the  centre  of  motion  be  let  fall  GH  perpen- 
dicular to  EC  produced,  that  line  will  be  the  perpendicular  diftance  of  the  direddion  EC 
from  G ; and  EG,  equal  to  DG,  the  perpendicular  diftance  of  the  direddion  DA  : but  the 
triangles  EFC  and  EHG  are  fimilar,  confequently  (El.  VI.  4.)  as  EC  is  to  CF,  fo  is  EG 
toHG*,  but  the  weight  B is  fo  the  weight  A,  as  EC  to  FC  ; B is  therefore  to  A,  as  EG, 
or  DG,  to  HG. 

Schol.  It  is  evident  that  the  force  of  the  power  is  increafed  by  the  two  firft  kinds  of 
lever,  but  not  by  the  laid.  The  former  are  adapted  to  produce  a flow  motion  by  a fwift 
one  ; and  the  latter  ferves  to  produce  a fwift  motion  of  the  weight,  by  a flow  motion  of  the 
power.  See  Fig.  12,  13,  & 14. 

To  the  fiyjl  kind  of  lever  may  be  reduced  feveral  forts  of  inftruments  ; fuch  as  the  ftcel- 
yard,  whofe  arms  are  unequal  ; the  falfe  balance,  whofe  arms  are  imperceptibly  unequal ; 
the  common  balance,  whofe  accuracy  depends  on  its  poflefling  the  following  properties  : 
(1.)  The  arms  muft  be  equal  in  length  and  weight.  (2.)  The  centre  of  motion  muft  be 
a little  above,  and  direddly  over  the  centre  of  gravity.  (3.)  The  points  from  which  the 
feales  are  fufpended  (hould  be  in  a right  line,  palling  through  the  centre  of  gravity  of  the 
beam.  And  (4.)  the  fridlion  of  the  beam  on  the  centre  of  motion  fhould  be  as  little  as 
poflible.  Sciflars,  pincers,  fnnfFers,  & c.  are  formed  of  two  levers,  the  fulcrum  of  which  is 
the  pin  which  rivets  them. 

To  the  fecorid  kind  of  lever  may  be  reduced  oars,  and  rudders  of  fhips  •,  cutting  knives 
fixed  at  one  end  ; doors  moving  on  hinges,  &c. 

To  the  third  kind,  we  may  refer  the  action  of  the  mufcles  of  animals,  ladders  fixed  at 
one  end,  and  raifed  againft  a wall  by  a man’s  arms,  Sec. 
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Dff.  XI,  The  Wheel  and  Axis,  is  a wheel  turning  round  together 
with  its  axis  ; the  power  is  applied  to  the  circumference  of  the  wheel* 
and  the  weight  to  that  of  the  axis,  by  means  of  cords. 

PROP.  LIII.  An  equilibrium  is  produced  in  the  wheel  and  axis, 

-when  the  weight  is  to  the  power,  as  the  diameter  of  the  wheel  to  the 
diameter  of  the  axis. 

Let  AB  be  the  diameter  of  the  wheel,  DE,  that  of  the  axis,  W the  weight,  and  P the 
power,  fufpended  from  the  points  D andB.  When  the  wheel  has  performed  one  revolution, 
the  power  P has  drawn  off  as  much  cord  from  the  wheel  as  is  equal  to  its  circumference, *and 
lias  therefore  moved  through  a fpace  equal  to  that  circumference.  In  the  fame  time  the 
weight  W is  raifed  through  a fpace  equal  to  the  circumference  of  the  axis,  upon  which  the 
cord,  by  which  the  weight  is  fufpended,  is  once  turned  round.  Therefore  the  velocity  of 
the  power  exceeds  the  velocity  of  the  weight  as  much  as  the  circumference,  that  is,  the 
diameter  of  the  wheel  exceeds  that  of  the  axis.  If  then  the  weight  exceeds  the  power  as 
much  as  the  velocity  of  the  power  exceeds  that  of  the  weight,  that  is,  as  much  as  the 
diameter,  or  femidiameter  of  the  wheel,  AB,  or  CB,  exceeds  the  diameter,  or  femidiameter 
of  the  axis,  DE,  or  CE,  the  momenta  will  be  equal,  and  the  power  and  weight  will  balance 
each  other. 

Or  thus  ; The  axis  and  wheel  is  a lever  of  the  firft  kind  ; in  which  the  centre  of  motion 
is  in  C,  the  centre  of  the  axis  ; the  weight  W,  fuftained  by  the  rope  DW,  is  applied  at  the 
diftance  DC,  the  radius  of  the  axis  ; and  the  power  P,  acting  in  the  direction  PB  perpendic- 
ular to  CB,  the  radius  of  the  wheel,  is  applied  at  the  diftance  of  that  radius  : therefore. 
Prop.  L1I.  there  is  an  equilibrium,  when  the  power  is  to  the  weight,  as  the  radius  of  the 
roller  to  the  radius  of  the  wheeL 

Cor.  1.  Hence  it  is  evident,  that  by  increafing  the  diameter  of  the  wheel,  or  diminilh- 
ing  that  of  the  axis,  a lefs  power  may  fuftain  a given  weight. 

Cor.  2.  The  thicknefs  of  the  rope  to  wlych  the  weight  is  fufpended,  ought  not  to  be 
neglected. 

Schoi..  To  the  wheel  and  axle  we  may  refer  the  capftan,  mills,  cranes,  &c.  A draw- 
ing and  description  of  a fafe  and  truly  excellent  crane,  invented  by  Mr.  James  White,  may 
be  feen  in  the  10th  volume  of  the  Tran  factions  of  the  Society  for  encouraging  Aits  and 
Sciences,  in  London. 


Def.  XII.  The  Pulley  is  a fmall  wheel  moveable  about  its  axis  by 
means  of  a cord  which  pafles  over  it. 
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PROP.  LIV.  When  the  axis  of  the  pulley  is  fixed,  the  pulley  only 
changes  the  direction  of  the  power  ; if  moveable  pullies  are  ufed,  an 
equilibrium  is  produced,  where  the  power  is  to  the  weight  as  one  to  the 
number  of  ropes  applied  to  them  : If  each  moveable  pulley  has  its  own 
rope,  each  pulley  will  double  the  power. 

If  the  pulley  ED  be  fixed  upon  the  beam  A,  the  power  and  weight,  in  equilibrio,  will  be  plate  3, 
equal.  But,  if  one  end  of  the  rope  be  fixed  in  B,  and  the  other  fupported  by  the  power  P,  Fjg'  ^ 
it  is  evident,  that  in  order  to  raife  the  weight  W one  foot,  the  power  mud  rife  two  ; for 
both  the  ropes,  BC  and  CP,  will  be  fhortened,  a foot  each  j whence  the  fpace  run  over  by 
the  power  will  be  double  of  that  of  the  weight ; if  therefore  the  power  is  to  the  weight  as 
1 to  2,  their  momenta  will  be  equal  : For  the  fame  reafon,  if  there  be  four  ropes  pafling 
from  the  upper  to  the  lower  pullies,  the  velocity  of  the  power  will  be  quadruple  to  that  of 
the  weight,  or  as  4 to  1,  &c.  In  all  cafes,  therefore,  when  the  power  is  to  the  weight, 
as  1 to  the  number  of  ropes  palling  from  the  upper  to  the  lower  pullies,  there  will  be  an 
equilibrium. 

Or  thus ; Every  moveable  pulley  hangs  by  two  ropes  equally  dretched,  which  mud  bear  Fig.  5. 
equal  parts  of  the  weight  j and  therefore  when  one  and  the  fame  rope  goes  round  feveral 
fixed  and  moveable  pullies,  finde  all  its  parts  on  each  fide  of  the  pullies  are  equally  flretched, 
the  whole  weight  mult  be  divided  equally  amonglt  all  the  ropes  by  which  the  moveable 
pullies  hang  : Confequently,  if  the  power  which  adds  on  one  rope  be.  equal  to  the  weight 
divided  by  that  number  of  ropes,  the  power  mud  fudain  the  weight. 

If  each  moveable  pulley  has  its  own  cord,  the  fird,  as  appears  from  what  has  been  faid,  Fig.  6. 
doubles  the  velocity  of  the  power  ; and  therefore  if  the  power  be  half  of  the  weight,  the 
momenta  will  be  equal,  and  the  balance  will  be  produced.  In  like  manner,  the  fecond 
pulley  caufes  the  weight  to  move  with  half  the  velocity  with  which  it  would  move,  if 
fufpended  from  the  fird  moveable  pulley,  that  is,  makes  the  velocity  of  the  power  quadruple 
of  that  of  the  weight ; and  fo  of  the  red. 

If  in  the  folid  block  A,  grooves  be  cut  whofe  radii  are  1,  3.,  5,  7,  &c.  and  in  the  block  Plate  rs. 
B other  grooves  be  cut,  whofe  radii  are  2,  4,  6,  8,  See.  and  a dring  be  palled  round  thefe  Flg-  z* 
grooves,  the  grooves  will  anfwer  the  purpofe  of  fo  many  didinct  pullies,  and  every  point 
in  each,  moving  with  the  velocity  of  the  dring  in  contact  with  it,  the  whole  friftion  will 
be  removed  to  the  two  centres  of  motion  in  the  blocks  A and  B,  which  is  a great  advantage 
over  the  common  pullies.  This  pulley  was  invented  by  Mr.  James  White. 

PROP.  LV.  In  the  Inclined  Plane  the  power  and  weight  balance 
■each  other,  when  the  power  is  to  the  weight,  as  the  fine  of  the  inclina- 
tion of  the  plane  is  to  the  fine  of  the  angle  which  the  line  of  the  direc- 
tion of  the  power  makes  with  the  perpendicular  to  the  plane. 
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Plate  3. 
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Let  a weight  be  fupported  on  the  inclined  plane  CA  by  a power  'acting  in  any  given 
diredtion  PD.  Let  the  whole  force,  whereby  the  weight  would  defeend  perpendicularly  be 
reprefented  by  PB  : and  refolving  PB  into  two  forces,  one  of  which,  BD,  is  perpendicular 
to  the  plane  CA,  and  the  other,  PD,  is  in  the  direction  of  the  power  3 the  force  BD  is 
deftroyed  by  the  re-addion  of  the  plane,  and  the  force  PD  will  be  fuftained  by  an  equal 
power,  acting  in  the  direction  PD.  Therefore,  when  there-  is  an  equilibrium,  the  power 
is  to  the  weight,  as  PD  to  PB  5 that  is,  as  the  fine  of  the  angle  PBD,  or  (El.  VI.  8.)  its 
equal  CAB,  to  the  fine  of  the  angle  PDB. 

When  PD  is  in  the  direction  of  the  plane,  this  ratio  becomes  that  of  CD  to  CB,  or  of 
the  height  of  the  plane  CB,  to  CA  its  length. 

When  the  diredtion  of  the  power  PD  is  parallel  to  the  bafe  of  the  plane,  the  ratio  of  the 
power  to  the  weight  becomes  that  of  ED  to  EB  3 or  (El,  VI.  8.  Cor.)  of  CB,  the  height  of 
the  plane,  to  BA  the  bafe. 

When  the  direction  of  the  power  coincides  with  the  perpendicular  BD,  the  ratio  of  the 
power  to  the  weight  becomes  that  of  the  fine  of  a finite  angle,  to  the  fine  of  an  angle  indefi- 
nitely diminifhed.  From  which  it  appears,  that  no  finite  power  is  fuflicient  to  fupport  a 
weight  upon  an  inclined  plane,  if  that  power  acts  in  a direction  perpendicular  to  the  plane. 


Def.  XIII.  The  Screw  is  a cylinder  which  has  either  a prominent 
part,  or  a hollow  line,  palling  round  it  in  a fpiral  form,  fo  inferted  in 
one  of  the  oppofite  kind,  that  it  may  be  raifed  or  deprelfed  at  pleafure, 
with  the  weight  upon  its  upper,  or  fufpended  beneath  its  lower,  furface. 

6> 

PROP.  LVI.  I11  the  ferew  the  equilibrium  will  be  produced,  when 
the  power  is  to  the  weight,  as  the  diftance  between  two  contiguous 
threads,  in  a direction  parallel  to  the  axis  of  the  ferew,  to  the  circum- 
ference of  the  circle  deferibed  by  the  power  in  one  revolution. 

While  the  ferew  is  made  to  perform  one  revolution,  the  weight  W may  be  confidered, 
as  raifed  up  an  inclined  plane  cq,  whofe  height  cp  is  the  interval  between  two  contiguous 
fpirals,  whofe  bafe  pq  is  the  periphery  of  the  cylinder,  and  whofe  length  cq  is  the  fpiral  line, 
by  a power  acting  parallel  to  the  bafe  of  the  plane  : for  fuch  an  inclined  plane,  involved 
about  a cylinder,  will  form  the  fpiral  line  of  the  ferew.  A power  at  p,  adding  parallel  to 
the  bafe,  is  in  equilibrio  with  the  weight  W to  be  raifed,  when  the  power  is  to  tire  weight, 
as  the  height  of  the  inclined  plane,  to  the  bafe  3 or,  in  this  cafe  as  pc,  the  interval  between 
the  fpirals,  to  the  circumference  deferibed  by  p : but  a power  applied  at  P,  which  is  to  that 
applied  at  p , as  the  circumference  deferibed  by  p,  to  the  circumference  deferibed  by  P,  has 
the  fame  effedt  3 therefore  there  is  an  equilibrium,  when  the  power  applied  at  P,  is  to  the 

weight 
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weight  to  be  raifed,  as  pc , the  interval  between  two  contiguous  fpirals,  to  the  circumference 
defcribed  by  the  power  P .. 

Def.  XIV.  The  Wedge  is  compofed  of  two  inclined  planes,  whofe 
bafes  are  joined. 

PROP.  LVIL  When  the  refilling  forces,  and  the  power  which  a£ts 
on  the  wedge,  are  in  equilibrio,  the  weight  will  be  to  the  power,  as  the 
height  of  the  wedge  to  a line,  drawn  from  the  middle  of  the  bafe  to 
one  fide,  and  parallel  to  the  diredlion  in  which  the  refilling  force  adls  on 
that  fide. 

Let  the  equilateral  triangle  ABC  reprefent  a wedge,  whofe  bafe,  or  back,  is  AC,  whofe  Plate  3. 
fides  are  the  lines  AB  and  CB,  and  whofe  height  is  the  line  BP,  which  bifeCts  the  vertical  FlS-  9- 
angle  ABC,  and  alfo  the  bafe  perpendicularly  in  P.  Let  E and  F reprefent  two  bodies,  or 
two  refilling  forces  aCting  on  the  fides  of  the  wedge  perpendicularly,  and  whofe  lines  of 
direction  EP  and  FP  meet  at  the  middle  point  of  the  bafe,  on  which  the  power  P adds 
perpendicularly,  then  will  EP  and  FP  (El.  I.  5.  and  2 6.)  be  equal  : Let  the  parallelogram 
ENFP  be  completed  \ its  diagonals  PN  and  EF  will  bifect  each  other  perpendicularly  in  H. 

Now  when  thefe  forces  (which  a£l  perpendicularly  on  the  fides  and  bafe  of  the  wedge)  are 
in  equilibrio,  they  will  be  to  each  other  (Prop.  XIV.)  as  the  fides  and  diagonal  of  this 
parallelogram,  that  is,  the  fum  of  the  refilling  forces  will  be  to  the  power  of  P,  as  the  fides 
EP  and  FP  to  the  diagonal  PN,  or  as  one  fide  EP  to  half  the  diagonal  PH,  that  is,  (from 
the  fimilarity  of  the  right-angled  triangles  BEP,  EHP)  as  BP,  the  height  of  the  wedge,  to 
EP  the  line  which  is  drawn  from  the  middle  of  the  bafe  to  the  fide  AB,  and  is  the  direction 
in  which  the  refilling  force  aCts  on  that  fide. 

From  the  demonllration  of  this  cafe,  in  which  the  refilling  forces  act  perpendicularly  on 
the  fides  of  the  wedge,  it  appears  that  the  refiftance  is  to  the  power  which  fultains  it,  as  one 
fide  of  the  wedge  AB  is  to  the  half  of  its  breadth  AP  j becaufe  AB  is  to  AP,  (El.  VI.  8.) 
as  BP  is  to  EP. 

It  appears  alfo  from  hence,  that  if  PN  be  made  to  denote  the  force  with  which  the  power 
P aCts  on  the  wedge,  the  lines  PE  and  PF  which  are  perpendicular  to  the  fides,  will  denote 
the  force  with  which  die  power  P protrudes  the  refilling  bodies  in  directions  perpendicular 
to  the  fides  of  die  wedge. 

Let  us  now  fuppofe,  in  the  fecond  cafe,  that  the  refilling  bodies  E and  F adl  upon  the 
wedge  in  directions  parallel  to  the  lines  DP  and  OP,  which  are  equally  inclined  to  its 
fides,  and  meet  in  the  point  P.  Draw  the  lines  EC  and  FK  perpendicular  to  DP  and  OP  j 
then  making  PN  denote  the  force  with  which  the  power  P aCts  on  the  wedge,  PE  and 
PF  wili  denote  the  forces  with  which  it  protrudes  the  refilling  bodies  in  directions  per. 

' pendicular 
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pendicular  to  the  Tides  of  the  wedge,  as  was  obferved  before  ; now  each  of  thefe  forces  may 
be  refolved  into  two,  denoted  refpedtively  by  the  lines  PG  and  GE,  PK  and  KF,  of  which 
GE  and  KF  will  be  loll,  as  they  act  in  directions  perpendicular  to  thole  of  the  refilling 
bodies  ; and  PG  and  PK  will  denote  the  forces  by  which  the  power  P oppofes  the  refilling 
bodies,  by  protruding  them  in  diredlions  contrary  to  thofe  in  which  they  adt  on  the  wedge  ; 
therefore  when  the  refilling  forces  are  in  equilibrio  with  the  power  P,  the  former  mull  be 
to  the  latter,  as  the  fum  of  the  lines  PG  and  PK  is  to  PN,  or  as  PG  is  to  PH.  But 
(El.  VI.  4.)  PG  is  to  PE,  as  PE  to  FD  ; and  PH  is  to  PE,  as  PE  to  PB  : whence  (El.  VI. 
16.)  both  the  redtangle  PG  xPD,  and  the  redlang’.e  PHxPB,  are  equal  to  the  fquare  of 
PE  thefe  rectangles  are  therefore  equal  to  one  another  : whence  their  Tides  (El.  VI.  14.) 
are  reciprocally  proportional,  that  is,  PG  is  to  P1I,  as  PB  to  PD.  Whence  it  follows 
from  what  was  Ihewn  above,  that,  in  equilibrio,  the  refilling  forces  are  to  the  power,  as 
PB  to  PD  ; that  is,  as  the  height  of  the  wedge  to  the  line  drawn  from  the  middle  of  the 
bafe  to  one  fide  of  the  wedge,  and  parallel  to  the  diredlion  in  which  the  refilling  force  adts 
on  that  fide. 

From  what  has  been  demonflrated,  we  may  deduce  the  proportion  of  the  power  to  the 
refillance  it  is  able  to  luftain  in  all  the  cafes  in  which  the  wedge  is  applied.  Firft,  when  in 
cleaving  timber  the  wedge  fills  the  cleft,  then  the  refillance  of  the  timber  adls  perpendicu- 
larly on  the  Tides  of  the  wedge,  therefore  in  this  cafe,  when  the  power  which  drives  the" 
wedge,  is  to  the  cohefive  force  of  the  timber,  as  half  the  bafe,  to  one  fide  of  the  wedge, 
the  power  and  refillance  will  be  in  equilibrio. 

Secondly  ; When  the  wedge  does  not  exadlly  fill  the  cleft,  which  generally  happens,  be- 
caufe  the  wood  fplits  to  fome  diltance  before  the  wedge.  Let  ELF  reprefent  a cleft  into 
which  the  wedge  ABC  is  partly  driven  ; as  the  refilling  force  of  the  timber  mull  adl  on  the 
wedge  in  diredlions  perpendicular  to  the  Tides  of  the  cleft,  draw  the  line  PD  in  a direction 
perpendicular  to  EL  the  fide  of  the  cleft,  and  meeting  the  fide  of  the  wedge  in  D ; then 
the  power  driving  the  wedge  and  the  refillance  of  the  timber,  when  they  balance,  will  be  to 
each  other  as  the  line  PD  to  PB  the  height  of  the  wedge. 

Thirdly  ; When  a wedge  i3  employed  to  feparate  two  bodies  that  lie  together  on  an 
horizontal  plane,  for  inftance,  two  blocks  of  flone  ; as  thefe  bodies  mult  recede  from  each 
other  in  horizontal  diredlions,  their  refillance  mull  adl  on  the  wedge  in  lines  parallel  to  its- 
bafe  CA  ; therefore  the  power  which  drives  the  wedge,  will  balance  the  refillance  when 
they  are  to  each  other  as  PA,  half  the  breadth  of  the  wedge,  to  PB  its  height. 

Schol.  1.  Since  in  all  the  mechanical  powers,  an  equilibrium  is  produced  when  the 
power  is  to  the  weight  as  the  velocity  of  the  weight  is  to  the  velocity  of  the  power,  in  all 
compound  machines  there  will  be  an  equilibrium,  when  the  fum  of  the  powers  are  to  the 
weight,  as  the  velocity  of  the  weight  is  to  the  fum  of  the  velocities  of  the  powers. 

Schol.  2.  In  the  theory  of  the  mechanical  powers,  we  fuppofe  all  planes  and  bodies 
perfedlly  fmooth  ; levers  to  have  no  weight  ; cords  to  be  perfedliy  pliable,  and  the  parts  of 
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machines  to  have  no  fri£tion.  (See  Schol.  3.)  Allowances,  however,  mull  be  made  for  the 
difference  between  theory  and  practice.  Mr.  Fergufon  obferves,  that  there  are  but  few' 
compound  machines,  but  what,  on  account  of  fri£tion,  will  require  a third  part  move  to 
work  them,  when  loaded,  than  what  is  fufficient  to  conflitute  an  equilibrium  between  the 
weight  and  the  power. 

Exp.  i.  Let  A,  B,  C,  be  a compound  lever,  confifting  of  three  levers,  in  the  firft  of  Plate  2. 

which,  A,  the  velocity  of  the  weight  is  to  that  of  the  power,  as  1 to  5 ; in  the  fecond,  B,  I,S- 

as  1 to  4 ; in  the  third,  C,  as  1 to  6.  The  velocity  of  the  weight  will  be  to  that  of  the 

power,  as  1 to  5 X 4 X 6=  1 20  ; and  if  the  power  be  to  the  weight,  as  1 to  1 20,  they  will 

balance  each  other. 

2.  Let  GC  and  LF  be  the  levers  fixed  to  the  fupporters  R A,  SE,  and  let  their  fhorter  arms  Fig.  16. 
be  kept  in  equilibrio  with  the  longer  respectively  by  the  weights  fixed  at  G and  L.  Let 

NH  be  a bar  ferewed  to  the  fixed  parts  to  keep  them  fteady.  If  the  power  C be  ten  times 
farther  from  A the  prop,  than  the  weight  P,  they  will  be  in  equilibrio  when  the  power  C 
is  to  the  weight  P,  as  1 to  10.  In  like  manner,  the  diftance  ME  being  ten  times  DE,  if 
the  power  M be  TV  of  the  weight  C fufpended  from  D,  they  will  be  in  equilibrio  : whence 
M,  t,  will  balance  P,  100. 

3.  Exhibit  models  or  draughts  of  different  compound  machines,  as  mills,  cranes,  the 
pile-driver,  &c. 

Schol.  3.  The  inequality  of  the  furface  on  which  any  body  moves  occafions  an  attri- 
tion, called  friCtion,  which  prevents  the  accurate  agreement  of  many  experiments  in  me- 
chanics with  theory.  On  this  fubjeCt  the  very  accurate  experiments  of  Mr.  Vince  fhould 
be  confulted,  the  objeCt  of  which  was,  to  determine,  (1.)  Whether  friction  be  an  uniformly 
retarding  force.  (2.)  The  quantity  of  friCtion.  (3.)  Whether  friCtion  varies  in  propor- 
tion to  the  preflure  or  weight.  And  (4.)  whether  the  friction  be  the  fame,  on  whichever 
of  its  furfaces  a body  moves.  After  a great  variety  of  experiments  made  with  the  utmofl 
care  and  attention,  Mr.  Vince  deduces  the  following  conclufions,  which  may  be  confidered 
as  eftablifhed  facts. 

1.  That  friCtion  is  an  uniformly  retarding  force  in  hard  bodies,  not  fubjeCt  to  alteration 
by  the  velocity  ; except  when  the  body  is  covered  with  woollen  cloth,  See.  and  in  that  cafe 
the  friftion  increafes  a little  with  the  velocity. 

it.  Friction  increafes  in  a lefs  ratio  than  the  weight  of  the  body,  being  different  in  differ- 
ent bodies.  It  is  not  yet  fufficiently  known  for  any  one  body,  what  proportion  the  increafe 
of  friction  bears  to  the  increafe  of  weight. 

hi.  The  fmallefl  furface  has  the  leaft  friction  ; the  weight  being  the  fame.  But  the 
ratio  of  the  friction  to  the  furface  is  not  accurately  known. 

See  a full  account  of  thefe  experiments,  Vol.  lxxv.  Phil.  Tranf. 
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Schol.  4.  Wheel  carriages  are  ufed,  to  avoid  friction  as  much  as  poiTible.  A wheel 
turns  round  upon  its  axis,  becaufe  the  feveral  points  of  its  circumference  are  retarded  in 
fucceihon  by  attrition,  whilft  the  oppofite  points  move  freely.  Large  wheels  meet  with, 
lefs  refiftance  than  fmaller  from  external  obftacles,  and  from,  the  friction  of  the  axle,  and  are. 
more  eafily  drawn,  having  their  axles  level  with  the  horfes.  But  in  uneven  roads,  fmall 
wheels  are  uled,  that  in  afcents  the  action  of  the  horfe  may  be  nearly  parallel  with  the 
plane  of  afcent,  and  therefore  may  have  the  greateft  efFe£t  : fmall  wheel's  are  alfo  more  con- 
veniently turned.  The  greater  part 'of  the  load  fhould  be  laid  on  the  hinder  part  of  a wheel' 
carriage. 

CHAP.  VII. 

Of  Motion  as  produced  by  the  united^  Forces  of  Projection  ancF 

Gravitation.. 

SECT.  L 

Of  Projectiles* 

PROP.  LVIII.  Bodies  thrown  horizontally  or  obliquely,  have  a cur- 
vilinear motion,  and  the  path  which  they  defcribe  is  a parabola ; th& 
air’s  refiftance  not  being  confidered. 

If  a body  be  thrown  in  the  direction  AF,  .and  added  upon  by  the  projeddile  force  alone,, 
it  will  continue  to  move  on  uniformly  in  the  right  line  AF,  and  would  defcribe  equal  parts- 
of  the  line  AF  in  equal  times,  as  AC,  CD,  DE,  &c.  But  if,  in  any  indefinitely  fmall 
portion  of  time,  in  which  the  body  would  by  the  projectile  force  move  from  A to  C,  it 
would,  by  the  force  of  gravity,  have  fallen  from  A to  G ; by  the  compofition  of  thefc 
forces  (Prop.  XVI.)  it  will,  at  the  end  of  that  time,  be  found  in  H,  the  oppofite  angle  of 
the  parallelogram  ACGII.  In  two  fuch  portions  of  time,  whilft  it  would  have  moved, 
from  A to  D by  the  projectile  force,  it  would  (Prop.  XXVI.)  by  gravitation  fall  through 
four  times  AG,  that  is,  AM  ; and  therefore,  thefe  forces  being  combined,  it  will  be  found 
at  the  end  of  that  time  in  I,  the  opposite  angle  of  the  parallelogram  DM.  In  like  manner, 
at  the  end  of  the  third  portion  of  time,  it  would  by  the  projectile  force  be  carried  through 
three  equal  divisions  to  E,  and  by  the  force  of  gravitation  over  nine  times  AG  to  N ; and 
confequently,  by  both  these  forces  adding  jointly,  it  will  be  carried  to  IC,  the  oppofite  angle 
of  the  parallelogram  EN.  Therefore  the  lines  CH,  DI,  EK,  that  is,  AG,  AM,  AN, 
which  are  to  each  other  as  the  numbers  1,  4,  9,  are  as  the  fquarcs  of  the  lines  AC,  AD,  AE, 
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that  is,  GH,  MI,  NK,  which  are  as  I,  2,  3.  And  becaufe  the  a£lion  of  gravitation  is  con- 
tinual,  the  body  in  paffing  from  A to  H,  &c.  Is  perpetually  drawn  out  of  the  right  line  in 
which  it  would  move  if  the  force  of  gravitation  were  fufpended,  and  therefore  moves  in  a 
curve.  And  H,  I and  K,  are  any  points  in  this  curve  in  which  lines  let  fall  from  points 
■ equally  diftant  from  A in  the  line  AB  meet  the  curve.  Therefore  the  body  moves  in  a 
parabola,  the  property  of  which  is,  [Simfon' s Conic  Sections,  Book  I.  Prop.  XII.  Cor.)  that 
the  abfcijfa  AG,  AM,  AN,  are  to  each  other  as  the  fquares  of  the  ordinates  GH,  MI,  NK. 

Remark.  Very  denfe  bodies  moving  with  fmall  velocities  defcribe  the  parabolic  track 
fo  nearly,  that  any  deviation  is  fcarcely  difcoverable  ; but  with  very  confiderable  velocities 
the  refiftance  of  the  air  will  caufe  the  body  projedled  to  defcribe  a path  altogether  different 
from  a parabola,  which  will  not  appear  furprifing  when  it  is  known  that  the  refiflance  of 
the  air  to  a cannon  ball  of  two  pounds  weight,  with  the  velocity  of  2000  feet  per  fecond,  is 
more  than  equivalent  to  60  times  the  weight  of  the  ball.  See  Hutton’s  Di£t.  Art.  Refiflance. 

PROP.  LIX.  The  path  which  a body  thrown  perpendicularly  up- 
wards defcribes  in  riling  and  falling  is  a parabola. 

A flone  lying  upon  the  furface  of  the  earth,  partaking  of  the  motion  of  the  earth  (here 
fuppofed)  round  its  axis,  this  motion  which  it  has  with  the  earth  will  not  be  deftroyed  by 
throwing  it  in  a direction  perpendicular  to  the  furface  of  the  earth.  After  the  projection, 
therefore,  the  flone  will  be  moved  by  two  forces,  one  horizontal,  the  other  perpendicular, 
and  will  rife  in  a direction  which  may  be  {hewn,  as  in  the  laft  propofition,  to  be  the  parabolic 
curve  •,  in  which  it  will  continue  till  it  reaches  the  higheft  point,  from  whence  it  might  be 
{hewn,  as  in  the  laft  propofition,  that  it  will  defcend  through  the  other  fide  of  the,  parabola. 


PROP.  LX.  The  velocity  with  which  a body  ought  to  be  projected 
to  make  it  defcribe  a given  parabola,  is  fuch  as  it  would  acquire  by  falling 
through  a fpace  equal  to  the  fourth  part  of  the  parameter  belonging  to 
that  point  of  the  parabola  from  which  it  is  intended  to  be  projected. 


The  velocity  of  the  projeClile  at  the  point  A (by  Prop.  LVIII.)  is  fuch  as  would  carry 
it  from  A to  E,  in  the  fame  time  in  which  it  would  defcend  by  its  gravity  from  A to  N. 
And  the  velocity  acquired  in  falling  from  A to  N (by  Prop.  XXVII.)  is  fuch  as  in  the  fame 
time  by  an  uniform  motion  would  carry  the  body  through  a fpace  double  of  AN.  There- 
fore the  velocity  which  is  acquired  by  the  body  in  falling  to  N is  to  that  with  which  the 
body  is  projected  at  A,  and  uniformly  carried  forwards  to  E,  as  twice  AN  is  to  AE.  But 
fince,  from  the  natuic  of  the  parabola,  (Simfon’s  Conic  Sefiions,  Book  I.  Prop.  XIII.) 
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is  equal  to  the  parameter  of  the  point  A,  one  fourth  part  of  this  parameter  will  be 
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And  becaufe  the  velocities  acquired  by  falling  bodies  are  (by  Prop. 


XXVI.  Cor.  1.)  as  the  fquare  roots  of  the  fpaces  they  fall  through,,  the  velocity  acquired. 

by  a body  in  falling  through  AN  is  to  the  velocity  acquired  in  falling  through  — -^-1  or  one 

AN 

fourth  part  of  the  parameter  of  A,  as  the  fquare  root  of  AN  to  the  fquare  root  of  - 


i AE3 


- AE 

that  is,  as  \/  AN  to  or  AN  to  |AE,  or  twice  AN  to  AE. 

AN 


AN  ’ 
Therefore  the 


velocity  acquired  by  a body  in  falling  from  A to  N has  the  lame  ratio  to  the  velocity  with 
which  the  body  is  projected  or  the  line  AE  defcribed,  and  to  the  velocity  acquired  by  3 
body  in  falling  through  a fourth  part  of  the  parameter  belonging  to  the  point  A : confequently- 
(El.  V.  1 r.)  thefe  velocities  are  equal. 

Cor.  Hence  may  be  determined  the  direction  in  which  a projectile  from  a given  point, 
with  a given  velocity,  mull  be  thrown  to  Itrike  an  object  in  a given  lituation. 

Let  A 'be  the  place  from  which  the  body  is  to  be  thrown,  and  K the  lituation  of  the 
objedt.  Raife  AB  perpendicular  to  the  plane  of  the  horizon,  and  equal  to  four  times 
the  height  from  which  a body  mult  fall  to  acquire  the  given  velocity.  Bifedt  AB  in  G % 
through  G draw  HG  perpendicular  to  AB  : at  the  point  A raife  AC  perpendicular  to  AK, 
and  meeting  HG  in  C : on  C as  a centre  with  the  radius  CA  defcribe  the  circle  ABD  ; and 
through  K draw  the  right  line  KEI  perpendicular  to  the  plane  of  the  horizon,  and  cutting 
the  circle  ABD  in  the  points  E and  I.  AE,  or  AI,  will  be  the  diredtion  required. 

For,  drawing  BI,  BE,  fince  AK  is  a tangent  to  the  circle,  and  BA,  IK,  are  parallel  to 
each  other,  the  angle  ABE  (El.  111.  3.2.)  is  equal  to  the  angle  EAK  ; and  the  alternate 
angles  BAE,  AEK,  are  equal : Therefore  the  triangles  ABE,  AEK,  are  limilar  ; and  AB  is 

to  AE,  as  AE  to  Eli.  Therefore  AB  x EK  = AE5  , 


AF 1 

and  AB  = 

EK 
AT 


In  like  manner. 


the  triangles  BAI,  KAI,  being  fimilar,  BA  is  equal  to  jg-.  Since,  then,  AB  is  equal  to 

four  times  the  height  from  which  a body  mult  fall  to  acquire  the  velocity  with  which  it  is 
AE  z 1 

to  be  thrown  j (or  its  equal)  is  the  fame.  Confequently  (by  this  Prop.)  the 

point  K will  be  in  the  parabola  which  the  body  will  defcribe,  which  is  thrown  with  the 
given  velocity  in  the  diredtions  AE,  or  AIvand  the  body  will  {trike  an  objedt  placed  at  K. 


Schol.  If  the  velocity  with  which  a projedtile  is  thrown  be  required,  it  may  be  deter- 
mined from  experiments  in  the  following  manner.  By  the  help  of  a pendulum  or  any  other 
exadt  chronometer,  let  the  time  of  the  perpendicular  flight  be  taken  ; then,  fince  the  times 
of  the  afcent  and  defcent  are  equal,  the  time  of  the  defcent  mult  be  equal  to  one  half  of  the 
time  of  the  flight,  confequently,  that  time  will  be  known  : and,  fince  a heavy  body  defcends 

from 
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from  a ftate  of  reft  at  the  rate  of  16.  i feet  in  the  firft  fecond  of  time,  and  that  the  fpaces 
tii rough  which  bodies  defeend  are  as  the  fquaies  of  the  times  *,  if  wc  fay,  as  one  fecond  is  to 
16.1  feet,  fo  is  the  fquare  of  the  number  of  feconds  which  exprefs  the  time  cf  the  defeent 
of  the  projeCtile,  to  a fourth  proportional,  we  fhall  have  the  number  of  feet  through  which 
the  projectile  fell,  which  being  doubled,  will  give  us  the  number  of  feet  which  the  projec- 
tile would  deferibe  in  the  fame  time  with  that  of  the  fall,  fuppofing  it  moved  with  an 
uniform  velocity,  equal  to  that  which  it  acquired  by  the  end  of  the  fall ; which  laft  found 
number  of  feet,  being  divided  by  the.  number  of  feconds  which  exprefs  the  time  cf  the 
projectile’s  defeent,  will  give  a quotient,  expreffing  the  number  of  feet,  through  which  the 
projeCtile  would  move  in  one  fecond  of  time  with  a velocity  equal  to  that  which  it  acquired 
in  its  defeent,  which  velocity  is  equal  to  the  velocity  with  which  the  projeCtile  was  thrown 
up  5 confequently,  this  velocity  is  difeovered. 
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PROP.  LXI.  The  fquares  of  the  velocities  of  a projectile  in  dif- 
ferent points  of  its  parabola,  are  as  the  parameters  belonging  to  thole 
points. 

For  (by  the  laft  Prop.)  the  velocities  in  the  feveral  points  of  the  parabola,  are  equal  to 
the  velocities  acquired  in  falling  through  the  fourth  parts  of  the  parameters  of  the  points. 
Therefore  the  fquares  of  thefe  velocities  being  (by  Prop.  XXVI.)  as  the  fpaces  deferibed, 
the  fquares  of  the  velocities  in  the  feveral  points  of  the  parabola  are  as  the  fourth  parts  of 
the  parameters  of  thofe  points : but  the  whole  parameters  are  as  their  fourth  parts : therefore 
the  fquares  of  the  velocities  at  the  feveral  points  of  the  parabola  are  as  the  parameters  of 
thofe  points. 

Cor.  Hence,  fetting  afide  any  difference  which  may  arife  from  the  refiflance  of  the  air, 
a projeCtile  will  ftrike  a mark  as  forcibly  at  the  end  as  at  the  beginning  of  its  courfe,  if  the 
two  points  be  equally  diftant  from  the  principal  vertex  : for,  the  parameters  belonging  to 
thefe  points  being  equal,  the  velocities  in  thefe  points  mull  alfo  be  equal. 

PROP.  LXII.  When  a body  is  thrown  obliquely  with  a given  velo- 
city, if  the  fpace  through  which  it  mull  have  fallen  perpendicularly  to 
acquire  that  velocity  is  made  the  diameter  of  a circle,  the  height  to 
which  the  body  will  rife  is  equal  to  the  verfed  fine  of  double  the  angle 
of  elevation. 

Let  a body  be  thrown  in  the  direction  BE,  with  the  fame  velocity  which  any  body  would  Plan  3. 
acquire  by  falling  perpendicularly  through  AB  ; if  AB  is  made  the  diameter  of  a circle,  the  FiS-  ”• 
greateft  height  to  which  the  body  will  rife  wilt  be  BD, 


Let 
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Let  IL  be  a right  line  drawn  in  the  plane  of  the  horizon,  touching  the  circle  in  B,  arid 
making  with  the  line  BE,  which  is  the  direction  in  which  the  body  is  thrown,  the  angle 
IBE,  or  angle  of  elevation.  Becaufe  1L  touches  the  circle,  and  EB  drawn  in  the  circle 
meets  it  in  the  point  of  contact,  (El.  III.  32.)  the  angle  EBI  is  equal  to  the  angle  EAB. 
And  ECB  is  double  of  EAB,  (El.  III.  20.)  therefore  ECB  is  double  of  EBI,  the  angle  of 
elevation.  And  BD  is  the  verfed  fine  of  ECB,  that  is,  of  double  the  angle  of  elevation. 

Let  BE  reprefent  the  velocity  with  which  the  body  is  thrown.  Then  fince  this  velocity 
is,  by  fuppofition,  fuch  as  might  be  acquired  by  falling  down  AB,  if  the  body  was  thrown 
perpendicularly  upwards  with  the  fame  velocity  BE,  it  would  rife  to  the  height  BA.  Let 
the  oblique  motion  BE  be  refolved  into  two  others,  one  in  the  direction  BD  perpendicular 
to  the  horizon,  and  the  other  in  the  direction  DE  parallel  to  it  : then  the  afeending  velo- 
city will  be  to  the  horizontal  velocity,  as  BD  to  DE,  and  to  the  whole  velocity,  as  BD 
to  BE.  But  the  part  of  the  velocity  BD  is  the  only  part  which  is  employed  in  raifing  the 
body,  fince  the  other  part  DE  is  parallel  to  the  plane  of  -the  horizon.  Now,  the  height 
of  a body  afeending  perpendicularly  with  the  whole  velocity  BE,  will  be  to  the  height 
when  it  afeends  with  the  part  BD  .(compare  Prop.  XXVI.  and  Prop.  XXVIII.)  as  the 
fquare  of  BE  to  the  fquare  of  BD.  But  becaufe  (El.  VI.  8.)  the  triangle  EDB  is  fimilar 
to  the  triangle  AEB,  BD  is  to  EB,  as  EB  is  to  BA;  and  BD,  BE,  BA,  being  continued 
proportionals,  BD  is  to  BA,  as  the  fquare  of  BD  is  to  the  fquare  of  BE.  And  the  perpen- 
dicular heights  to  which  the  velocities  BE  and  BD  will  make  the  body  afeend  have  been 
{hewn  to  be  as  the  fquare  of  BE  to  the  fquare  of  BD  ; the  heights  are  therefore  as  BA  to 
BD.  Since  therefore  the  -firft  velocity  BE  would  make  the  body  afeend  through  BA,  the 
other  velocity  BD,  which  is  the  part  of  the  whole  velocity  which  acts  to  make  the  body 
thrown  in  the  diredlion  DE  to  afeend,  will  carry  it  to  the  height  BD,  which  is  the  verfed 
fine  of  double  the  angle  of  elevation.  The  fame  might  be  {hewn  in  any  other  direction  of 
the  body,  as  BF,  or  BG. 


Def.  XV.  The  Random  of  a proje&ile  is  the  horizontal  diftance  to 
which  a heavy  body  is  thrown. 

PROP.  LXIII.  When  a body  is  thrown  obliquely  with  a given 
velocity,  if  the  fpace  through  which  it  mull  have  fallen  perpendicularly 
to  acquire  that  velocity  is  made  the  diameter  of  a circle,  the  random  will 
be  equal  to  four  times  the  fine  of  double  the  angle  of  elevation. 

If  EBI  be  the  angle  of  elevation,  and  ECB  double  that  angle,  DE  will  be  the  fine  of 
double  the  angle  of  elevation.  Let  a body  be  thrown  from  the  point  B in  the  direction 
BE,  with  the  velocity  which  it  would  acquire  in  falling  through  AB;  the  random,  or 
horizontal  diftance  at  which  the  body  will  fall,  is  equal  to  four  times  DE. 


For, 
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For,  fince  (as  in  the  laft  Prop.)  the  velocity  BE  being  refolved  in  BD,  DE,  the  afcending 
velocity  is  BD,  and  the  horizontal  DE,  if  thefe  two  velocities  were  to  continue  uniform, 
the  fpaces  defcribed  in  equal  times  (Prop.  V.)  would  be  as  the  velocities,  and  in  the  fame 
time  in  which  the  body  by  the  afcending  velocity  would  rife  through  BD,  by  the  horizontal 
velocity  it  -would  be  carried  forwards  through  DE.  Of  thefe  velocities,  the  horizontal  one 
DE  is  uniform,  becaufe  the  force  of  gravity  can  neither  accelerate  nor  retard  a motion  in 
this  direction  5 but  the  afcending  velocity  is  uniformly  retarded  and  therefore  the  body 
(compare  Prop.  XXIII.  and  XXVIII.)  will  be  twice  as  long  in  afcending  to  its  greatelt 
height  BD,  as  it  would  have  been  if  the  firlt  afcending  velocity  had  continued  uniform  : 
but  on  this  fuppofition,  the  body  would  have  been  carried  through  BD  and  DE  in  the  lame 
time  : therefore  in  double  the  time,  that  is,  in  the  time  of  afcent  through  BD  with  an 
uniformly  retarded  velocity,  it  would  be  carried  forward  through  twice  DE  : confequently, 
in  the  times  of  defcent  and  afcent  together  it  would  move  forwards  through  four  times  DE„ 
Therefore  a body  thrown  from  B in  the  direction  BE  with  fuch  a velocity  as  might  be 
acquired  by  falling  down  AB,  the  diameter  of  a circle,  will  fall  at  the  diltance  of  four 
times  the  fine  of  double  the  angle  of  elevation. 

PROP.  LXIV.  The  random  of  a proje&ile  will  be  the  greateft 
pofftble,  with  a given,  velocity,  when  the  angle  of  elevation  is  an  angle 
of  fortyrfive  degrees^ 

The  velocity  being  given,  the  height  from  whence  the  body  muft  have  fallen  to  acquire 
that  velocity,  or  (Prop.  XXXV.)  the  diameter  of  the  circle  AB,  is  a given  quantity. 
And  in  a given  circle  the  greateft  fine  is  the  radius  or  fine  of  a right  angle  : therefore  four 
times  the  radius  is  greater  than  four  times  any  other  fine  -y  and  confequently,  the  random 
which"  is  equal  to  four  times  the  radius,  (which,  by  Prop.  LXII.  will  be  the  cafe  when  the 
double  angle  of  elevation  is  a right  one,  or  the  angle  of  elevation  forty-five  degrees)  will 
be  the  greateft  poflible  random. 

Exp.  "This  propofition,  and  the  two  following,  may  be  illuftrated  by  water  fpouting 
from  a pipe. 


PROP.  LXV.  The  random  of  a proje&ile,  whofe  velocity  is  given, 
will  be  the  fame  at  two  different  elevations,  if  the  one  be  as  much  above 
forty-five  degrees  as  the  other  is  below  it. 

IfEBIbean  angle  of  30  degrees,  and  GBI  an  angle  of  60  degrees,  becaufe  EBI  falls 
fliort  of  half  a right  angle  as  much  as  GBI  exceeds  it,  the  double  of  EBI  will  fall  fhort  of 
a right  angle  as  much  as  the  double  oi  GBI  will  exceed  it,  therefore,  from  the  definition  of 

a fine. 
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a fine,  thefe  doubles  will  have  the  fame  fine.  Confequently,  four  times  their  fines,  that  is, 
(by  Prop.  LXLII.)  their  randoms  will  be  equal. 

I 

PROP.  LX  VI.  The  great  eft  random  of  a projectile,  whole  velocity 

is  given,  is  double  the  height  to  which  it- would  rife  if  it  were  thrown 
perpendicularly  with  the  fame  velocity. 

If  a body  be  projected  in  the  direction  BF,  at  an  angle  of  forty-five  degrees,  and  its 
velocity  be  equal  to  that  which  a body  would  acquire  in  falling  down  AB  (by  Prop.  LXIV.) 
the  random  will  be  the  greateft  polfible,  and  will  be  equal  to  four  times  CF,  or  twice  BA. 
But  the  body  call  perpendicularly  upwards  with  the  fame  velocity  would  (by  Prop.  XXVIII.) 
rife  to  the  height  BA.  Therefore  the  greateft  random,  with  a given  velocity,  is  double  the 
height  to  which  the  body,  thrown  perpendicularly  with  the  fame  velocity,  would  rife. 


PROP.  LXVII.  The  randoms  of  projectiles,  whole  elevations  are 
given,  are  as  the  fquares  of  their  velocities. 

If  a body  be  thrown  in  any  direction  BE,  its  random  (Prop.  LXIII.)  will  be  equal  to 
four  times  DE,  or  four  times  the  fine  of  double  the  angle  of  elevation,  in  a circle  whofe 
diameter  AB  is  the  height  from  which  the  body  mull  fall  to  acquire  the  velocity  with  which 
it  is  projected.  But  the  velocities  being  fuppofed  variable,  AB  the  diameter  will  be  diredtly 
as  the  velocity  ; fince  the  greater  velocity  a body  moves  with,  the  greater  fpace  it  will 
fall  through  in  a given  -time.  And  becaufe,  in  the  triangle  EDC  the  angle  at  D being  a 
right  angle  is  always  invariable,  and  that  the  angle  ECD,  which  is  double  of  Ex^D,  that 
is  (El.  III.  32.)  of  the  given  angle  of  elevation  EBI,  is  given,  the  triangle  ECD  in  every 
variation  of  .^.B,  is  always  equiangular  and  fimilar  to  itfelf,  and  ED  is  always  as  EC : but 
EC  being  a radius,  is  as  AB  : therefore  ED,  the  fine  of  the  given  angle  of  elevation,  is  as 
AB  the  diameter.  Confequently  four  times  the  fine  ED,  that  is,  the  random  is  -as  AB. 
But  the  height  AB  from  which  a body  muft  fall  to  acquire  any  velocity,  is  (by  Prop.  XXVI.) 
as  the  fquare  of  that  velocity.  Therefore  the  random  is  as  the  fquare  of  the  velocity. 


SECT.  II. 

Of  Central  Forces . 

PROP.  LXVIII.  A body  which  is  conftantly  drawn  or  impelled 
towards  any  point,  may  he  made  to  defcribe,  round  that  point  as  a centre, 
a curve  returning  into  itfelf. 

Let 


•Chap.  VIL 


OF  CENTRAL  FORCES. 


6 


Let  T be  die  centre  of  the  earth,  and  GDEI  its  furface.  Let  a body  be  projected  in  any  Plate  3. 
direction,  GH,  which  does  not  pafs  within  the  furface  of  the  earth.  The  projeddile  force,  11 2'  I4, 
together  with  the  force  of  gravity,  will  make  it  deferibe  a curve,  which,  as  the  projectile 
force  is  increafed,  will  recede  farther  from  the  perpendicular  GE,  as  GB,  GC,  GD.  It  is 
manifold  that  the  projectile  force  may  be  increafed,  till  the  body  fhall  pafs  beyond  the  furface 
CDKE,  and  move  in  the  path  GML,  GNV,  or  fome  larger  curve. 

Firft  ; Suppofe  the  projeddile  force  to  be  fuch,  that  the  body  will  be  carried  in  the  femi- 
circle  GN,  it  will  continue  in  the  curve  of  that  circle  till  it  returns  to  G.  For,  when  a 
body  moves  in  the  circumference  of  a circle,  (as  in  Fig.  15.)  the  projeddile  force,  adding  in 
a line  which  is  a tangent  to  the  circle,  as  GB,  adds  (El.  III.  18.)  in  a direddion  which  is  Plate  3. 
perpendicular  to  the  direddion  BA,  in  which  it  is  impelled  towards  the  centre.  And  fince  Flg‘ 
if  the  force  which  impels  the  body  towards  the  centre  ceafed  to  add  in  any  point,  as  C the 
body  would  move  forwards  in  the  right  line  CF,  the  projeddile  force  in  every  point  of  the 
circumference,  adds  in  a direddion  perpendicular  to  the  force  of  gravitation  : confequently, 
thefe  two  forces  remaining  the  fame,  and  adding  always  in  the  fame  direddion  with  refpedd 
to  each  other,  the  velocity  of  the  body  muld  remain  the  fame  : whence,  at  the  point  M,  it  jig.  ^ 
will  have  the  fame  power  to  recede  from  the  centre  as  at  G ; and,  retaining  this  power 
through  every  remaining  part  of  its  courfe,  it  will  proceed  in  the  circumference,  till  it 
arrive  at  G,  and  will  continue  to  revolve  in  the  circle. 

Next ; Let  the  body  be  projedded  from  G with  a force  greater  than  that  which  is  required 
to  carry  it  round  in  the  circumference  of  the  circle  GNV  *,  and  let  the  curve  in  which  it 
moves  be  an  ellipfe,  having  the  earth  in  its  remoter  focus.  Becaufe  the  force  of  projeddion, 
as  the  body  proceeds  in  the  firft  half  of  its  orbit,  adds  in  the  direddion  of  a tangent  to  the 
curve,  whilft  the  force  of  gravitation  adds  in  the  direddion  of  a right  line  from  the  body  to 
the  centre  of  the  earth,  the  direddions  of  thefe  two  forces  make  an  acute  angle  with  one 
another,  and  confequently,  through  this  part  of  the  courfe  of  the  body,  the  force  of  gravitation 
cotifpir'mg  with  the  force  of  projection,  the  velocity  of  the  body  muld  be  increafed,  and 
at  the  fame  time  it  mull  be  continually  drawn  downwards  towards  the  earth.  At  the  point 
in  which  the  forces  add  in  direddions  perpendicular  to  each  othei-,  the  force  of  gravitation 
does  not  confpire  with  that  of  projeddion  to  bring  the  body  towards  the  earth  : and 
afterwards,  in  the  latter  half  of  its  courfe,  the  direddions  of  the  forces  making  an  obtufe 
angle  with  each  other,  the  force  of  gravitation  is  oppofed  by  that  of  projeddion  in  the  fame 
degree  in  which  the  former  was  before  aided  by  the  latter  j and  therefore  the  body  in  paffing 
towards  G will  fly  off  from  the  earth  or  rife,  as  much  as  it  before  approached  to  the  earth 
or  defended,  and  thus  will  return  to  the  point  G with  the  fame  velocity  with  which  it  fet  out 
at  firft,  having  loft  as  much  velocity  by  receding  from  the  earth  in  the  latter  part  of  its 
courfe,  as  it  had  gained  by  falling  towards  the  earth  in  the  former  part. 

Laftly  Let  the  body  be  projedded  from  G with  a force  which  is  lefs  than  fuflicient  to 
carry  it  round  in  the  circle  GNV  ; and  let  it  perform  its  revolutions  in  an  elliptic  curve, 
whofe  greater  axis  is  lefs  than  the  radius  of  the  circle  GNV,  fetting  out  from  G,  and 
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hnving  the  earth  In  the  nearer  focus  : the  effeft  will  be  the:  fame  aa  In  the  Iafl  cafe,  except- 
that  the  projedlile  force  will  oppofe  the  force  of  gravitation  in  the  JhJ}  half  of  the  revolution^ 
and  confpire  with  it  in  the  latter. 

Exp.  Let  a ball  revolve  round  the  central  point  of  a Whirling  Table.  Concerning  the 
conftrudUon  and  ufe  of  this  machine,  fee  Fergufon’s  Le&ures,  Left.  II. 

PROP.  LXIX.  A body  revolving  in  an  orbit,  endeavours  in  every" 
point  of  its  courfe  to  fly  off  from  the  centre  in  a right  line  which,  is  a 
tangent  to  the  orbit. 

Let  BCDL  be  a circle  in  which  a body  is  revolving  : when  it  is  arrived  at  the  point  B, 
let  the  force  which  impels  it  towards  the  centre  be  withdrawn,  and  the  body  (by  Prop.  I.) 
would  fly  off  from  the  point  B in  the  dire&ion  BG  ; in  like  manner  at  C,  it  would  fly  off 
in  the  right  line  CF  ; at  D,  in  DPI  ; and  at  L,  in  LIC.  The. fame  is  manifeftly  true  in  an. 
elliptical  orbit.  Now  the  fame  force  with  which  it  would  fly  off,  if  no  other  caufe  prevent- 
ed it,  mud  make  it  endeavour  to  fly  off  in  the  fame  manner  in  every  point  of  the  orbit. 

Exf.  Whild  a ball  is  revolving  on  a whirling  table,  if  the  cord  which  retains  it,  be  fud<- 
denly  cut,  the  ball  will  fly  off  in  a right  line,  which  will  be  a tangent  to  the  orbit  in 
which  it  moved. 

Cor.  A body  revolving  about  a centre  endeavours  to  recede  from  that  centre  : for  every 
point  of  the  tangent  in  which  it  endeavours  to  move  out  of  the  circle,  is  farther  from  the 
centre,  than  the  point  in  which  the  tangent  meets  the  curve. 


Def.  XVI.  The  force  which  impels  a body  towards  the  centre,  when 
it  revolves  in  an  orbit,  is  called  the  centripetal  force  : that  by  which  it 
endeavours  to  recede'  from  the  centre,  is  called  the  centrifugal  force  and 
thefe  twTo  forces  are  called  jointly,  central  forces* 

Sciiol.  The  projectile  and  centrifugal  forces  differ  from  each  other,  as  the  whole  from  • 
the  part.  The  projectile  force  is  that  with  which  a body  would  move  forwards  in  a 
tangent  trt  its  orbit,  if  there  were  no  centripetal  force  to  prevent  it  : the  centrifugal  force 
is  that  part  of  the  projedtile  force  which  carries  the  body  off  from  the  centre  while  it  is 
deferibing  the  tangent.  Thus,  if  the  body  revolved  in  the  orbit  BD,  the  projectile  force 
is  that  which  would  make  it  deferibe  the  tangent  BA,  if  the  centripetal  force  were  to  ceafe 
acting.  But  in  the  mean  time,  the  whole  force  BA  does  not  carry  the  body  off  from  the 
centre  C : when  it  is  arrived  at  A,  it  is  farther  from  the  centre  than  it  was  at  B,  only  by 
the  length  AN,  and  it  is  that  part  of  the  proje£Ule  force  which,  when  the  whole  is  refolved 
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Into  two  forces,  maybe  confulered  as  a£Kng  in  this  line  AN,  which  carries  the  body  off 
from  the  centre,  and  is  called  the  centrifugal  fierce. 

PROP.  LXX.  When  bodies  revolve  in  a circular  orbit  about  a centre, 
the  centripetal  and  centrifugal  forces  are  equal. 

If  a body  revolve  in  the  circle  BD,  in  the  time  in  which  it  defcribes  the  arc  BN,  it  Plate  3. 
will  have  been  impelled  towards  the  centre  through  the  fpace  AN  ; for,  by  the  proje£Hle  l6<r 
force  alone  it  would  have  been  carried  from  B to  A.  The  line  AN  is  then  the  fpace 
delcribed  by  means  of  the  centripetal  force,  and  this  force  is  proportional  to  AN.  But  if, 
when  the  body  was  at  B,  no  centripetal  force  had  added  upon  it,  inftead  of  defcribing  the 
arc  BN,  it  would  have  moved  along  the  tangent  BA,  and  the  line  NA  would  have  been 
the  fpace  through  which  it  would  have  departed  from  the  centre : therefore  the  centrifugal 
fbrce  is  proportional  to  NA.  Both  thefe  forces  being  then  proportional  to  the  fame  liiae 
NA,  they  are  equal  to  one  another. 


LEMMA  I. 

Quantities,  and  the  ratios  of  quantities,  which,  in  any  finite  time , tend 
continually  to  equality,  and,  before  the  end  of  that  time,  approach  nearer 
to  each  other  than  by  any  given  difference,  become  ultimately  equal. 

If  you  deny  it,  let  them  be  ultimately  unequal ; and  let  their  ultimate  difference  be  D. 
Therefore  they  cannot  approach  nearer  to  equality  than  by  that  given  difference  D ; which 
is  contrary  to  the  fuppofition.  If  a ftraight  and  a curve  line,  continually  diminifhing, 
perpetually  approach  towards  equality,  and  at  the  end  of  any  finite  time  would  vanifh 
together,  at  the  inllant  in  which  they  are  vanifhing  they  are  equal. 

LEM.  II.  If  in  any  figure  hacH,  terminated  by  the  right  lines  ha,  £!*te  |« 
AE,  and  the  curve  ac\L,  there  are  inferibed  any  number  of  parallelograms 
A b,  Br,  C d,  Idc.  contained  under  equal  bafes  AB,  BC,  CD,  &c.  and  the 
files,  BZ>,  C c,  Y)d,  He.  parallel  to  ha  the  fide  of  the  figure  ; and  the  parallel- 
ograms aYJol,  bLcm,  chldn,  &c.  are  completed : then , if  the  breadth  of  thefe 
parallelograms  be  diminifhed,  and  their  number  augmented  continually,  the 
ultimate  ratios,  which  the  inferibed  figure  AK^LcM^D,  the  circumfcribed 
figure  halbmcndoM,  and  the  curvilinear  figure  habcdH,  have  to  each  other , 
are  ratios  of  equality . 
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Plate  3. 
Fig.  18. 
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Fig.  a. 


OF  MECHANICS. 

For  the  difference  of  the  infcribed  and  circumfcribed  figure  is  the  fum  of  the  parallelo- 
grams K/,  L m,  M«,  Do,  that  is,  (becaufe  of  the  equality  of  all  their  bafes)  the  rectangle  under 
one  of  their  bafes  K b,  and  the  fum  of  their  altitudes  Art ; . that  is,  the  rectangle  Allh. 
But  this  rectangle,  becaufe  its  breadth  AB  is  diminifhed  indefinitely,  becomes  lefs  than  any 
given  rectangle.  Therefore  (by  Lem.  I.)  the  infcribed  and  circumfcribed,  and  much  more 
the  intermediate  curvilinear  figure  become  ultimately  equal. 

LEM.  III.  The  fame  ultimate  ratios  are  alfo  ratios  of  equality , when 
the  breadths  AB,  BC,  CD,  Idc.  of  the  parallelograms  are  unequal , and 
are  all  diminfhed  indefinitely . 

For,  let  AF  be  equal  to  the  greateft  breadth:  and  let  the  parallelogram  FAu/  be  com- 
pleted. This  will  be  greater  than  the  difference  of  the  infcribed  and  circumfcribed  figures  ; . 
but,  becaufe  its  breadth  AF  is  diminifhed  indefinitely,  it  will  become  lefs  than  any  given 
rectangle. 

Cor.  Hence  the  ultimate  fum  of  the  evanefcent  parallelograms  coincides  in  every  part 
with  the  curvilinear  figure.  Much  more  does  the  rectilinear  figure,  which  is  comprehended 
under  the  chords  of  the  evanefcent  arcs  ab , be,  cd,  & c.  ultimately  coincide  with  the  curvi- 
linear figure.  As  alfo  the  circumfcribed  rectilinear  figure,  which  is  comprehended  under 
the  tangents  of  the  fame  arcs.  And  therefore,  thefe  ultimate  figures  (as  to  their  perimeter 
acE)  are  not  rectilinear,  but  curvilinear  limits  of  rectilinear  figures. 

PROP.  LXXI.  The  plane  of  an  orbit  in  which  a body  revolves  paffes 
through  the  line  of  projection,  and  through  the  centre  towards  which 
the  centripetal  force  is  directed. 

Let  ABCF  be  the  orbit  in  which  the  body  revolves;  S the  centre,  or  point  towards: 
which  the  centripetal  force  is  directed  ; and  AV  the  line  of  projection  : the  plane  of  the. 
orbit  will  pafs  through  AV  and  S ; or  the  orbit  lies  in  the  fame  plane,  with  the  lines  AV, 
~ B d.  Sec.  (lines  in  which  the  projectile  force  acts  in  different  parts  of  the  orbit)  and  with  the 
centre  S. 

For,  let  ABCD  reprefent  a part  of  the  orbit  deferibed  by  a body  impelled  towards  S. 
The  body  beginning  to  move  by  the  projectile  force  from  A in  the  direction  ABV,  would, 
by  that  force  alone,  be  carried  on  uniformly  in  that  diretion.  Suppofe  the  centripetal 
force  to  act  upon  it  by  feparate  impulfes  after  equal  intervals  of  time,  and  that,  when  the 
body  is  carried  by  the  projectile  force  to  B,  it  receives  one  impulfe  from  the  centripetal 
force,  drawing  it  out  of  its  courfe  towards  S,  fo  that  by  the  action  of  both  forces  together 
at  B,  it  will  (by  Prop.  XIV.)  be  made  to  deferibe  BC  in  the  fame  time  in  which  the 
projectile  force  alone  would  have  made  it  deferibe  Be.  The  fame  will  take  place  after  equal 

intervals 
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intervals  at  C and. D.  At  B,  the  projectile  force  is  in  the  direction  BV,  the  centripetal' 
force  in  the  direction  BS.  Let  Be  and  BG,  taken  in  the  direction  of  thefe  forces’,  reprefen t 
their  ratio  to  each  other,  and  the  projeCtile  force  be  to  the  centripetal  as  Br  to  BG.  The 
body  (by  Prop.  XIV.)  will  deferibe  BC,  the  diagonal  of  a parallelogram  of  which  Br  and 
BG  are  the  Tides.  But  (El.  XI.  x and  2.)  BC  is  in  the  fame  plane  with  Bo  and  BG,  that 
is,  with  AV,  the  line  of  projection,  and  with  BS,  in  which  is  the  centre  or  point  S.  The 
fame  may  be  proved  concerning  the  lines  CD,  and  DE.  And  if  the  projeCtile  force  acts 
continually,  and  not  by  interrupted  impulfes,  the  diagonals  AB,  BC,  &c.  will  be  diminixhed 
indefinitely,  and  the  ultimate  perimeter  ADF  (by  Lem.  111.  Cor.)  will  become  a curve  line, 
which,  from  what  hath  been  fhewn,  mult  be  always  in  the  fame  plane  with  the  line  of 
projection,  and  with  the  centre. . 

PROP.  LXXII.  A body  revolving  in  an  orbit  deferibes,  by  a radius 
drawn  to  the  point  towards  which  the  centripetal  force  aCts,  equal  areas 
in  equal  times,  and  in  unequal  times  areas  proportional  to  the  times. 

Let  ABCD  be  part  of  an  orbit  deferibed  by  a body  which  revolves  round  the  point  S, 
towards  which  it  is  impelled  by  a centripetal  force.  If  this  force  be  fuppoled  to  aCt  upon 
the  body  by  leparate  impulfes,  as  at  B,  C,  D,  when  the  body  receives  the  impulfe  at  B,  it 
will  be  drawn  out  of  its  courfe  towards  S,  and  (by  Prop.  XIV.)  will  deferibe  the  diagonal 
BC  in  the  fame  time  in  which  the  projeCtile  force  alone  would  have  made  it  deferibe  B c. 
After  equal  intervals,  the  fame  will  take  place  at  C,  and  at  D. 

Since  AB,  BC,  &c.  are  the  lines  deferibed  in  equal  times  by  the  body,  the  areas  deferibed 
round  S by  a radius  drawn  from  the  body  to  S,  are  ASB,  BSC,  &c.  Now  AB,  Be, 
expreffing  fpaces  palled  over  in  equal  times  by  the  uniform  motion  of  the  body  aCfed  upon 
by  the  projeCtile  force  alone,  are  equal  bafes  of  the  triangles  ASB,  BSr,  which,  being, 
terminated  by  the  fame  point  S,  are  of  the  fame  altitude  : thefe  triangles  are  therefore 
(El.  I.  38.)  equal.  And,  becaufe  the  body  at  B,  is  by  the  joint  action  of  the  projeCtile  and 
centripetal  forces  carried  forwards  in  the  diagonal  BC,  of  the  parallelogram  Gc,  the  oppofite 
fides  thereof,  GB,  C c,  are  parallel  j and  C c is  parallel  to  BS.  But  BS  is  the  common  bafe 
of  the  two  triangles  BSC,  BSc.  Therefore  thefe  triangles,  being  upon  the  fame  bafe,  and- 
between  the  fame  parallels,  (El.  I.  37.)  are  equal.  Confequently,  ASB,  which  has  been- 
proved  equal  to  BSc,  is  likewife  equal  to  BSC  ; that  is,  the  areas  deferibed  in  equal  times 
-are  equal.  And,  by  compofition,  any  fums  of  thefe  areas  ASC,  ASE,  are  to  each  other  as 
the  times  in  winch  they  are  deferibed  } that  is,  univerfally,  the  areas  are  as  the  times. 

Let  the  number  of  thefe  triangles  be  augmented,  and  their  breadth  diminifhed  indefinitely, 
and  (by  Lem.  111.  Cor.)  their  ultimate  perimeter  will  be  a curve  line  ; and  therefore  the 
centripetal  force  will  aCl  continually  : and,  the  above  reafoning  ftill  being  applicable  to  thole 
triangles  whofe  breadth  is  indefinitely  duninilhed,  the  areas  will  be  as  the  times. 
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Cor,  i,  The  velocity  of  a body  revolving  freely  about  an  immoveable  centre  is  inverfely 
as  a perpendicular  let  fall  from  that,  centre  on  a right  line  that  touches  the  orbit.  For  fince 
the  lines  AB,  BC,  are  defcribed  in  equal  times, i the  velocities  will  be  as  tliefe  lines,  which 
being  (by  this  Prop.)  the  bafes  of  equal  triangles,  mult  be  inverfejy  as  the  heights  of  the 
triangles  ; therefore  the  velocities  are  inverfely  as  thefe  heights,  which  are  meafured  by 
perpendiculars  let  fall  from  the  common  vertex,  the  centre  S,  to  the  bafes,  or  the  bafes  pro- 
duced, that  is,  when  AB,  BC,  &c.  are-indcfinitely  fmall,  to  a tangent  to  the  orbit. 

Cor.  2.  If  the  chords  AB,  BC,  of  two  arcs  fucceflively  defcribed  in  equal  times-  by 
the  fame  body  moving  freely,  are  completed  into  a parallelogram  ABCG,  and  the  diagonal 
BG,  in  the  pofition  which  it  ultimately  acquires  when  thefe  arcs  are  diminifhed  indefinitely, 
be  produced  towards  S,  it  will  pafs  through  S,  the  centre  of  the  centripetal  force  : for  BG 
is  an  indefinitely  fmall  part  of  the  radius  SB. 

Cor.  3.  AB,  BC,  and  DE,  EF,  of  arcs  defcribed  in  equal  times  be  completed  into  the 
parallelograms  ABCG,  DEFZ,  the  centripetal  forces  at  B and  E will  be  to  each  other  in 
the  ultimate  ratio  of  the  diagonals  BG,  EZ,  when  thofe  arcs  are  indefinitely  diminifhed. 
For,  the  motions  of  the  body,  BC,  EF,  (by  Prop.  XVI.)  are  compounded  of  the  motions 
Be,  BG,  and  E/i  EZ  ; but  BG  and  EZ  are  equal  to  C c and  Ff,  which,  as  appears  from 
this  propofition,  are  generated  by  the  impulfes  of  the  centripetal  force  in  B and  E,  and  are 
therefore  proportional  to  thofe  impulfes. 

Cor.  4.  The  forces  with  which  bodies  are  drawn  into  curvilinear  orbits  are  to  each 
other  as  the  verfed  fines,  4GB,  4ZE,  of  the  indefinitely  fmall  arcs  AC,  DF,  defcribed  in 
equal  times,  which  verfed  fines  converge  to  the  centre  S,  and  bifeft  the  chords  when  thofe 
arcs  are  diminifhed  indefinitely  : for  fuch  verfed  fines  are  half  the  diagonals  of  a parallelo- 
gram, BG,  EZ,  being  bife&ed  by  the  diagonals  AC,  FD. 

PROP.  LXXIII.  When  a body  deferibes  equal  areas  in  equal  times 
about  an  immoveable  point,  or  proportional  areas  in  unequal  times,  it  is 
impelled  towards  that  point  by  the  centripetal  force  which  retains  it  in 
its  orbit. 

Let  AB,  BC,  &c.  be  lines  defcribed  by  the  revolving  body  in  equal  times  ; and  it  may 
be  proved  as  before,  that  the  triangles  ASB,  and  BSc,  being  of  the  fame  height,  and  having 
equal  bafes  AB,  Be,  are,  equal.  But,  by  fuppofition,  ASB,  BSC,  are  equal ; therefore  BSe 
and  BSC  are  equal.  And  thefe  equal  triangles,  being  upon  the  lame  bafe  SB,  (El.  I.  39.) 
are  between  the  fame  parallels  ; therefore  Cc  and  BS  are  parallel.  Becaufe  the  body  dt  B is 
acted  upon  by  two  forces,  the  proje&ile  force  in  the  line  Br,  and  the  centripetal  force,  and, 
by  fuppofition,  tliefe  two  forces  together  make  it  deferibe  BC  j BC  is  the  diagonal  of  a 
parallelogram  of  which  Be  is  one  fide,  and  the  direction  of  the  centripetal  force  at  B is  in 
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the  other  fide.  Now,  in  the  parallelogram  whofe  diagonal  is  EC,  and  one  of  its  fides  B<r, 

Cr  mud  be  another  ■,  whence  the  oppofite  fide,  that  is,  the  direction  of  the  centripetal  force, 
mult  be  parallel  to  C c : but  C c and  BS  have  been  proved  to  be  parallel,  when  equal  areas 
are  deferibed  in  equal  times  about  the  point  S:  Therefore,  on  this  fuppofition,  the  body  at 

B is  added  upon  by  the  centripetal  force  in  the  direction  BS.  The  fame  may  be  fhewn  at 
every  other  point  C,  D,  &c,  . Therefore  the  centripetal  force  tends  to  that  point  round 
which  the  body,  by  a radius  drawn  thither,  deferibes  equal  areas  in  equal  times.- 

LEM.  IV.  . If  any  arc  ACB,  of  a finite  curvature , is  fubt ended  by  Plate  4,.- 
its  chord  AB,  and  a Jlraight  line  AD  produced  both  ways  touch  the  arc  in  11 S' l’ 
the  point  A,  the  arct  the  chords  and  the  tangent , in  their  ultimate  van if  bing 
fate , will  be  equal . 

The  arc  being  fuppofed  of  a finite  curvature,  or  fuch  as  may  be  meafured  by  a circle  of  a 
finite  diameter ; let  BAC  be  the  circle  of  the  curvature  ; draw  the  line  AC  in  that  circle 
parallel  to  the  fubtenfe  BD,  and  complete  the  triangle  BAC.  Becaufe  the  angle  DAB 
(El.  III.  32.)  is  equal  to  the  angle  ACB,  and  the  alternate  angles  CAB,  ABD,  are  equal, 
the  triangles,-  CAB,  DAB,  are  fimilar.  Hence,  (El.  VI.  4.)  AB  is-  to  AD,  as  AC  is  to 
BC.  The  point  B approaching  continually  to  A,  let  BA  become  Iefs  than  any  aflignable 
quantity  j then  the  finite  lines  AC,  EC,  approach  nearer  to  the  ratio  of  equality,  than  by 
any  given  diftance  : therefore  likewife  AB,  AD,  which  are  proportional  to  AC,  BC,  and 
much  more  the  intermediate  arc,  are  ultimately  equal. 

LEM.  The  nafeent  or  evanefeent  fubtenfe  of  the  angle  of  contact , 

in  circles  and  in  all  curves  which  have  a finite  curvature , is  as  the  Jquare 
of  the  conterminous  arc , . 

Let -AD,  in  the  femicircle  ADC,  be  the  given  arc,  AB  the  tangent,'  and  the  angle  BAD  plate  3. 
the-  angle  of  contact.  Draw  BD,  HG,  parallel  to  AC  the  diameter  ; thefe  lines,  fubtending  F|S-  ^ 
the  angle  BAD,  are  called  the  fubtenfes  of  the.  angle  of  contadd.  The  arcs  AD  and  AG, 
having  the  common  term  or  limit  the  point  A,  are  called  conterminous  arcs..  Draw  the 
lines  DC,  GC..  If  thefe  lines  be  conceived  to  turn  round  upon  the  point  C as  a centre,  fo 
that  the  two  points  D,  G,  and  with  them  the  two  fubtenfes  BD,  HG,  may  approach  towards 
A ; it  is.  manifelt,  that  as  thefe  fubtenfes  come  nearer  to  A,  they  will  diminifh,  and  at  lall 
will  vatiilh  in  A.  At  the  inftant  of  their  vani filing,.  BD  will  be  to  HG,  as  the  fquare  of 
the  arc  AD  is  to  the  fquare  of  the  arc  AG. 

Let  ED  be  drawn  parallel  to  AB,  and  FG  to  AH.  Then,  becaufe  AB  is  a tangent  at 
the  point  A,  and  confequently  (El.  III.  18.)  perpendicular  to  the  diameter  AC,  ED  which 
is  parallel  to  AB  is  likewife  perpendicular  to  AC ; for  the  fame  reafon  FG  is  perpendicular 

to 


— I 
/ " 
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to  AC.  And  ADC,  AGC  (EL  III.  31.)  are  right  angles.  Therefore  (EL  VI.  8.)  AED 
is  fimilar  to  ADC,  and  AE  is  to  AD,  as  AD  to  AC.  Therefore  (El.  VI.  17.)  the  rectangle 
of  AE,  AC,  is  equal  to  the  fquare  of  AD.  But  AE  is  equal  to  BD  : therefore  the  rec- 
tangle BD,  AC,  is  equal  to  the  fquare  of  AD.  For  the  fame  reafon,  tire  rectangle  of  HG, 
AC,  is  equal  to  the  fquare  of  the  chord  AG.  Confequently,  the  fquare  of  the  chord  AD 
is  to  the  fquare  of  the  chord  AG,  as  the  re&angle  BD,  AC,  is  to  the  redangle  HG,  AC, 
that  is,  (EL  VI.  1.)  as  BD  to  EIG.  But  (by  Lem.  IV.)  the  arc  AD  and  the  chord  AD, 
are  ultimately  in  the  ratio  of  equality,  and  alfo  the  arc  AG  and  the  chord  AG.  Therefore 
the  lquare  of  the  arc  AD  is  to  the  fquare  of  the  arc  AG,  at  the  indant  in  which  they  vanilh, 
as  BD  to  HG;  that  is,  the  evanefcent  fubtenle  of  the  angle  of  contact  is  as  the  fquare  of 
the  conterminous  arc. 

Next ; Let  the  fubtenfes  be  not  parallel  to  the  diameter,  but  parallel  to  one  another.  Let 
MN,  FG,  be  the  fubtenfes  parallel  to  the  diameter  ; and  AN,  OG,  two  fubtenfes  parallel 
to  each  other,  but  not  to  the  diameter.  Becaufe  BA  is  a tangent  at  the  point  B,  BD 
,(E1.  III.  16.)  is  perpendicular  to  BA  : fince,  therefore,  MN  and  FG  are  parallel  to  BD, 
they  are  alfo  perpendicular  to  BA,  and  the  angles  OFG,  AMN,  are  equal.  But  becaufe 
OG  and  AN  are  parallel  by  condrudHon,  the  angle  FOG  (El.  I.  29.)  is  equal  to  the  angle 
MAN.  Therefore  the  triangles  FGO,  MNA,  are  fimilar,  and  (EL  VI.  4.)  AN  is  to 
OG,  as  MN  is  to  FG.  But  it  has  been  proved  that  MN  is  ultimately  to  FG,  as  the  fquares 
of  the  conterminous  arcs  : therefore  AN  is  ultimately  to  OG,  as  the  fquares  of  the  conter- 
minous arcs  BN,  BG. 

Ladly  ; Suppofe  both  AN  and  OG  dire&ed  to  C,  the  centre  of  the  circle.  In  this  cafe, 
each  of  thefe  would  be  a femidiameter,  continued  from  G and  N refpedively  to  the  tangent 
BA.  In  their  ultimate  date  thefe  lines  AN,  OG,  mud  coincide  in  the  point  B,  and  in  the 
fame  right  line  BC ; and  therefore  will  become  parallel,  and  will  be,  from  what  has  been 
fhewn,  ultimately  as  the  fquares  of  the  conterminous  arcs. 

If  GC,  DC,  be  beginning  to  move  from  A,  they  are  in  their  nafcent  date  ; and  it  is 
manifed,  that  the  fubtenfes  in  this  date  are  the  fame,  and  therefore  have  the  fame  ratio,  as 
in  the  evanefcent  date. 

Cor.  1.  Hence,  becaufe  the  tangents  AB,  AH,  the  arcs,  AD,  AG,  and  their  fines  ED, 
EG,  became  ultimately  equal  (by  Lem.  IV.)  to  the  chords  AD,  AG,  their  fquares,  alfo  will 
be  ultimately  as  the  fubtenfes  BD,  HG. 

Cor.  2.  The  fame  fquares  are  alfo  ultimately  as  thofe  verfed  fines  of  the  arcs,  which 
billed:  the  chords  and  converge  to  a given  point.  For  by  the  fecond  cafe  of  this  propofitioil 
thefe  verfed  fines  AE,  AF,  are  as  the  fubtenfes  BD,  HG,  or  AN,  OG. 

Cor.  3.  Hence  thefe  verfed  fines  AE,  AF,  are  as  the  fquares  of  the  times  in  which  a 
body  deferibes  the  arcs  AD,  AG,  with  given  velocities.  For  the  fpaceS  AD,  AG,  deferibed 
with  given  velocities,  arc  as  the  times,  and  the  fquares  of  the  fpaces  as  the  fquares  of  the 
times  ; but  (by  lad  Cor.)  the  fquares  of  thefe  fpaces  are  as  the  verfed  fines  AE,  AF  ; therefore 
thefe  verfed  fines  arc  as  the  fquares  of  the  times  in  which  the  arcs  AD,  AG,  arc  deferibed. 
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LEM.  VI.  The  nafeent  or  avanefeent  fubtenfe  of  the  angle  of  contaB 
is  equal  to  the  fquare  of  the  conterminous  arc  divided  by  the  diameter . 

It  has  been  {hewn,  in  the  preceding  Lemma,  that  BD  is  to  AD,  as  AD  is  to  AC.  pure  ■?. 

AD2  riS-  ll- 

Therefore  BD  multiplied  into  AC,  is  equal  to  the  fquare  of  AD,  and  BD  — Eut  by 

Lem.  IV.  the  arc  AD  is  ultimately  equal  to  the  chord  AD  : therefore  the  nafeent  orevanef- 
.cent  fubtenle  BD  is  equal  to  the  fquare  of  the  arc  AD  divided  by  the  diameter  AC. 

PROP.  LXXIV.  The  centripetal  forces  of  bodies  revolving  in  dif- 
ferent circular  orbits  about  the  fame  centre  towards  which  they  tend,  are 
-as  the  fquares  of  the  arcs  deferibed  in  the  fame  time,  divided  by  the 
radii  of  the  circles. 

• ' ' . hi  "x.  f.'F 

In  the  circular  orbits  END,  RLE,  let  bodies  revolve  about  the  centre  C,  towards  which  p]ate  v 
they  tend.  Let  them  in  the  fame  time  deferibe  the  indefinitely  fmall  arcs  BG,  RL.  Then,  llg  x'‘ 
becaufe  the  projectile  forces  would  carry  them  in  the  fame  time  through  the  tangents  BF, 

RH,  and  the  fpaces  through  which,  at  the  points  G and  L,  they  have  been  drawn  from 
the  tangents  towards  the  centre  by  the  centripetal  force,  are  FG,  HL  ; the  centripetal 
forces  muft  be  as  FG  and  HL.  And  by  (Lem.  VI.)  the  evanefeent,  or  nafeent,  fubtenfe 
FG  is  equal  to  the  fquare  of  the  arc  BG  divided  by  BD  ; and  the  evanefeent,  or  nafeent, 
fubtenfe  HL  is  equal  to  the  fquare  of  the  arc  RL  divided  by  RE.  Therefore  the  fubtenfe 
FG  is  to  the  fubtenfe  HL  as  the  fquare  of  the  arc  BG  divided  by  BD,  or  its  half  BC,  is 
to  the  fquare  of  the  arc  RL,  divided  by  RE,  or  its  half  RC.  Therefore  the  centripetal 
forces,  when  the  arcs  are  nafeent,  are  in  the  fame  ratio,  that  is,  as  the  fquares  of  the  arcs 
divided  by  the  radii. 

And  this  is  true,  whatever  arcs  BG  and  RL  be  taken,  if  they  be  deferibed  in  the  fame 
time  : for  the  nafeent  arcs  will  he  as  the  velocities  •,  and  any  other  arcs  BND,  RLE, 
•deferibed  in  any  given  time,  will  be  alfo  as  the  velocities ; therefore,  the  arcs  BND,  RLE, 
are  as  the  nafeent  arcs  BG,  RL,  and  their  fquares  are  likewife  proportional.  But  the 
centripetal  forces  are  as  the  fquares  of  the  nafeent  arcs  BG,  RL,  divided  by  the  radii  BC, 

RC  ; therefore  thefe  forces  are  as  the  fquares  of  any  other  arcs,  BND,  RLE,  divided  by  the 
radii  of  their  circles. 

• ’ jr.'i  • : • • - < •.  (.V:/.  .<  : : • • • 

PROP.  LXXV.  The  centripetal  forces  of  equal  bodies  revolving  in 
circular  orbits,  are  as  the  fquares  of  the  velocities  directly,  and  the  radii 
of  the  orbits  inverfely. 
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Becaufe  arcs  defcribed  in  the  fame  time  are  as  the  velocities,  and  that  the  centripetal 
forces  are  (by  Prop.  LXXIV.)  as  the  fquares  of  the  arcs  defcribed  in  the  fame  time  divided 
by  the  radii,  thefe  forces  are  alfo  as  the  fquares  of  the  velocities  divided  by  the  radii,  that 
is,  as  the  fquares  of  the  velocities  directly,  and  the  radii  of  the  orbits  inverfely. 

Cok.  Hence  the  centripetal  forces  of  equal  bodies,  at  equal  diftances  from  the  centre,, 
are  as  the  fquares  of  the  number  of  revolutions  in  any  given  time  ; for  this  number  is  as- 
ide velocity  with  which  the  body  moves* 

PROP.  LXXVI.  The  centripetal  forces  of  equal  bodies  revolving  ia 

equal  circular  orbits  are  inverfely  as  the  fquares  of  their  periodical  times.- 

»« 

The  circular  orbits  or  fpaces  being  equal,  the  times  in  which  thefe  are  defcribed,  or  the 
periodical  times , are  (by  Prop.  V.)  inverfely  as  the  velocities  ; and  therefore  the  fquares  o£ 
the  periodical  times  are  inverfely  as  the  fquares  of  the  velocities,  or  the  fquares  of  the 
velocities -are  inverfely  as  the  fquares  of  the  periodical  times:  But  (by  Prop.  LXXV.)  the: 
centripetal  forces  are  as  the  fquares  of  the  velocities  : Therefore  thefe  forces  are  inverfely  as 
the  fquares  of  the  periodical  times. 


PROP.  LXXVII.  The  centripetal  forces  of  equal  bodies  revolving: 
in  unequal  circular  orbits,  if  the  periodical  times  are  equal,  are  as  the’ 
radii  of  the  circles. 


Plate  3. 
Jig.  16. 


Let  one  body  revolve  in  the  circular  orbit  BND,  and  another,  in  the  fame  time,  in  the 
circular  orbit  RLE.  Becaufe  the  periodical  times  are  equal,  each  body  in  any  given  part 
of  its  periodical  time  will  deferibe  an  equal  number  of  degrees  in  its  refpe&ive  orbit,  that 
is,  will  deferibe  fimilar  arcs.  The  arcs  BN,  RL,  being  fimilar,  will  be  defcribed  in 
equal  portions  of  the  periodical  time  : Therefore  (by  Prop.  LXXIV.)  the  centripetal 
forces  will  be  as  the  fquares  of  the  fimilar  arcs  BN,  RL,  divided  by  the  radii  BC,  RC>- 


that  is,  as 


BN*  RL* 
BC"  t0  RC 


But  becaufe  fimilar  arcs  are  to  each  other  as  the  circumferences,  or 


radii,  of  circles  BN  is  to  RL,  as  BC  to  RC,  and  confequently,  BN*  to  RL1,  as  BC1  to 
BN1  RL1  BC1  RC1 

RC1 : Therefore  is  to  R(s-,  as  is  to  that  is,  as  BC  to  RC.  But  the  cen- 

B Nf 1 R L 1 

tri petal  forces  (Prop.  LXXIV.)  are  as  to  ; therefore  thefe  forces  are  as  BC  to 
RC,  that  is,  as  the  radii  of  the  orbits  in  which  the  bodies  move. 


PROP.  LXXVIII.  The  centripetal  forces  of  equal  bodies  revolving 
in  circular  orbits,  are  as  the  radii  of  the  orbits  directly,  and  the  fquares  of 
the  periodical  times  inverfely. 
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If  the  periodical  times  are  equal,  and  the  radii  unequal,  the  forces  are  (by  Prop.  LXXVII.) 
as  the  radii.  If  the  radii  are  equal,  and  the  periodical  times  unequal,  the  forces  (by 
.Prop.  LXXVI.)  are  inverfely  as  the  fquares  of  the  periodical  times,  'iherefore,  if  both 
the  radii  and  periodical  times  are  unequal,  the  forces  will  be  in  the  compound  ratio  of  both, 
.or  as  the  radii  diredlly,  and  the  fquares  of  the  periodical  times  inverfely. 

PROP.  LXXIX,  When  bodies  revolve  round  the  fame  centre,  if  the 
fquares  of  their  periodical  times  are  as  the  cubes  of  their  diftances  from 
the  centre,  the  centripetal  forces  will  be  inverfely  as  the  fquares  of  their 
diftances. 


Let  the  diftances  of  the  two  bodies  be  exprefled  by  D,  d ; and  the  periodical  times  by 
T ,p  : then,  by  the  fuppofition  P1  : p 1 : : D*  : di. 

By  Prop.  LXXVIII.  the  centripetal  forces  are  as  the  diftances  directly,  and  the  fquares 
of  the  periodical  times  inverfely,  that  is,  (taking  C,  c , for  the  centripetal  forces) 


C : c 


; and  by  fuppofition 


P1  p1 


D5  : d*  : therefore,  fubftituting 


DJ,  d^  for  Pi,  p1,  C : c : : 


D d 
D5  : a’!  ’ 


that  is,  C : c 


jyj  : ; and,  becaufe  where 


the  dividend  is  given,  the  quotient  is  inverfely  as  the  divifor,-^  is  to  — inverfely  as  D* 

to  d1.  Therefore  C : c : : d1  ; D1,  that  is,  the  centripetal  forces  are  inverfely  as  the  fquares 
of  the  diftances. 


Schol.  x.  Let  C,  c,  exprefs  the  central  forces;  A,  a,  the  arcs  defcribed ; V,  v,  the 
velocities  with  which  the  bodies  move  ; P,  p,  the  periodical  times  of  their  revolution  ; D,  d, 
the  radii  or  diftances  from  the  centre ; and  N,  «,  the  number  of  revolutions  in  a given 
.time  : — the  preceding  Propofitions  may  be  thus  exprefled. 


The  bodies  being  equal. 

: 

Prop.  LXXIV. 

L ' c • * R ' 

n'1 

~ r * 
r 

LXXV. 

r Vl 

L : c : ‘-jj~  • 

v 1 

~d~' 

Cor. 

C : c ::N'  : 

«*. 

LXXVI. 

r 1 

C : c ::~pT  : 

or  p*  : Px. 

LXXVI  I. 

C : c : : D : 

d. 

LXXVIII. 

r ' D 
L : c : : — r,;  ; 

d 

jj  % 9 

~¥' 

LXXIX.  If 

Pl  : pz  : : D * 

d* t C i c ~j)i'  * 

— L-  or  dl  :L 

dx 

L2 
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Schol.  2.  Since  it  was  proved  (Prop.  LXX.)  that  the  centripetal  and'  centrifugal  forces 
are,  in  circular  orbits,  equal  to  one  another,  the  preceding  Proportions,  being  demonftrated 
refpecding  the  centripetal  force,  are  alfo  true  of  the  centrifugal  force  5 and  it  may  be  aflerted 
univerlatly,  that  the  central  fanes  are  in  the  ratios  above  exprefftd. 

Thefe  propofitions  may  be  confirmed  by  the  following  experiments,  on  the  Whirling 
Tables. 

Exp.  1.  Let  two  equal  balls,  placed  at  equal  diftances  from  the  centre  of  motion  on 
the  whirling  tables  ; and  let  one  table  revolve  twice  whilft  the  ether  revolves  once  : the 
ball  on  the  table  whofe  number  of  revolutions  is,  with  refpeft  to  that  of  the  other  in  the 
fame  time,  as  2 to  1 (or  the  periodical,  times  as  1 to  2)  will  raife  4 times  the  weight  raifed 
by  the  other  ball  ; that  is,  according  to  Prop.  LXXV.  and  Cor.  the  radii  being  equal,, 
C : c : : V*  ; vx  : : : n-  \ or  (by  Prop.  LXXVI.)  : p~  : Pr_ 

2.  Let  two  equal  balls  be  placed  on  tables  whofe  number  of  revolutions  in  the  fame  time 
are  as  2 to  1 : let  the  ball  on  the  table  whole  number  of  revolutions  is  2,  be  placed  at 
half  the  diftance  from  the  centre,  at  which  the  ball  on  the  table,  whofe  number  of  revolu- 
tions is  1 yt  is  placed  ■,  whence  their  velocities  will  be  equal.  The  ball  at  the  diftance.  1, 
will  raife  double  the  weight  raifed  by  the  ball  at  the  diftance  2 j that  is,  according  to 
Prop.  LXXV.  the  velocities- being  equal,  C : c : : d : D. 

3.  Let  two  equal  balls  revolve  on  tables  whofe  periodical  times,  are  equal  ; and  let  the 
diftances  of  the  balls  from  the  centre  be  to  each  other  as  2 to  1 : the  ball  which  is  at  the 
diftance  2 will  raife  double  the  weight  raifed  by  the  ball  which  is  at  the  diftance  1 ; that’ is, 
according  to  Prop.  LXXVil.  C : c : : D : d. 

4.  Let  equal  balls  be  placed  on  tables  whofe  periodical  times  are  as  2 to  1 ; let  the  ball 
on  the  table  whole  periodical  time  is  2,  be  placed  twice  as  far  from  the  centre  as  the  ball 
whofe  periodical  time  is  1 ; the  ball  whole  diftance  is  2,  and  periodical  time  2,  will  raile 

half  the  weight  raifed  by  the  ball  whofe  diftance  is  i,  and  periodical  time  1 that  is, 

D d 2 1 

according  to  Prop.  LXXVIIl.  C : c : : pp  : p*  ::  ^ : 2‘ 

5.  Let  the  equal  balls  be  fo  placed  on  different  tables,  that  the  diftance  of  one  from  the- 

centre  may  be  to  that  of  the  oiher  as  2 to  3^  let  that  ball  which  is  at  the  leaft  diftance 
revolve  twice  in  the  fame  time  i if  which  the  other  ball  revolves  once  ; the  periodical  time  of 
the  ball  at  the  lefs  diftance,  is  to  that  of  the  ball  at  the  greater,  as  1 to  2,  and  the  fquares 
of  the  periodical  times  will  be  as  t to  4*  anti  *-h-e  cubes  of  the  diftances  are  8,  and  3**75  * 
but  1 -.4:8:32,  therefore  the  fquares  of  the  periodical  times  being  in  this  cafe  nearly  as 
the  cubes  of  the  diftances,  the  weight  raifed  by.  the  ball  whofe  diftance  is  2,  will  be  to  that 
raifed  by  the  ball  whofe  diftance  is  as  the  fquare  of  3-J  is  to  the  fquare  of  2 i that  is, 
nearly  as  10  to  4,  or  5 to  2. 

: ‘S  10  p- -  5 *  7-  T:  T t*'u  Cl 


PROP. 


Chap.  VIL 


OF  CENTRAL  FORCES. 


77 


PROP.  LXXX.  The  centripetal  forces  of  revolving  bodies  are  as 
their  quantities  of  matter. 

For  the  whole  centripetal  force  of  any  body  is  made  up  of  the  centripetal  forces  of  each 
particle  of  matter  of  which  it  confifts ; and  therefore  the  more  numerous  the  particles  of 
matter  in  any  body,  are,  the  greater  will  be  its' centripetal  force. 


Exp.  Let  two.  glafs  tubes  be  half  filled  with  water  ; into  one  put  fome  leaden  (hot,  and 
into  the  other  a few  fmall  round  pieces  of  light  wood  ; let  the  orifice  of  each  tube  be  clofed 
by  jl  cork  •,  fatten  the  tubes  to-  an  inclined  plane,  and  let  the  lower  end  of  it  reft  upon  the 
centre  of  the  whirling  table.-  On  turning  the  table,  the  bodies  will  be  carried  by  their 
centripetal  forces  from  the  centre  ■,  and  the  heavier  bodies  wilhrecede  farther  from  the  centre 
than  die  lighter.  - See  Fergufon’s  Lettures*  - 


Cor.  Hence,  when  the  revolving  bodies  are  not  equal,  the  centripetal  forces  are  in  the 
ratios  laid  down  in  the  preceding  propofitions  multiplied  into  their  quantities  of  matter. 
Thus  Q^,  y,  exprefling  the  quantities  of  matter,  and  the  other  exprelhons  remaining  as  in 
Prop.  LXX1X.  Schol, 
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Cor.  Hence  the  central  forces  will  be  equal,  whenever  the  expreftions  proportional  to 
them  are  equal  j thus,  C = c if  D = qd< 

Any  of  the  above  proportions  may  be  confirmed' by  experiment ; for  example  ; 

Exp.  i.  Let  the  two  balls  A,  B,  be  as  2 to  i ; let  the  diftance  of  the  ball  A be  to  that 
of  the  ball  B from  the  centre,  as  2 to  i,  and  the  periodical  time  of  the  ball  Abe  twice 
that  of  the  ball  B ; their  velocities  will  be  equal j therefore  the  centrifugal  force  of  A will 
4>  a 

be  to  that  of  B,  as  ^ is  to  that  is,  as  i to  i,  or  A and  B will  raife  equal  weights. 

2,  3.  Let  the  fame  balls  revolve  about  a fixed  point,  and  have  their  diftances  reciprocally 
proportional  to  their  quantities  of  matter,  their  centrifugal  forces  (compare  Prop.  LXXV. 

and 
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and  LXXX.)  will  be  equal,  and  they  will  balance  each  other.  This  way  be  {hewn  by  two 
balls  fufpended  freely  and  united  by  a cord,  having  the  point  of  the  .cord  which  is  diredlly 
above  the  centre  of  the  table  at  diftances  from  the  balls  reciprocally  as  their  weight  ; or  by 
two  balls  united  by  a wire,  and  refting  in  erpiilibrio  on  a forked  fupport  fixed  in  the  centre 
of  the  tables,  which  will  continue  in  equilibrio  when  the  tables  are  turned. 

In  Like  manner  other  cafes  may  be  confirmed  by  experiment. 


LEM.  VII.  If  a body  revolves  freely  in  any  orbit  about  an  immoveable 
centre , and  in  an  in d finitely  fmall  time  defcribes  any  nafcent  arc ; and  the 
verfed  fine  of  the  arc  be  drawn  which  may  bifeSl  the  chord , and  being  pro- 
duced may  pafs  through  the  centre  of  force  ; the  centripetal  force , in  the 
middle  of  this  arc , will  be  as  the  verfed fine  dire  Elly,  and  the  fquare  of  the 
time  inverfely , 


Plate  4. 
Fig- 3- 


Let  two  bodies  revolve  round  their  centre  of  force  S,  s ; let  QPM,  ypw,  be  the  nafcent 
arcs  defcribed  in  any  times,  T,  t ; and  let  PB , pb,  or  QR,  Art,  be  the  verfed  fines  bi£e£ting 
the  chords,  and  when  produced,  palling  through  S the  centre  of  force.  Suppofing  the  arcs 
MQP,  NA/>,  to  be  defcribed  in  the  fame  time  with  different  forces,  C,  c ; by  Prop.  LXXII. 
Cor.  4.  QR  : Aa  : : C : c.  Plence,  fuppofing  the  forces  to  be  equal,  QR  is  equal  to  A a. 
defcribed  in  the  fame  time;  and  (by  Lem.  V.)  QR  or  A a : qr  : : A pl  : qply  that  is,  fince 
the  motion  in  the  arcs  is  uniform,  Aa  : qr  : : T1  it1.  Therefore  fuppofing  both  the  times 
and  forces  different,  and  compounding  thefe-.  ratios,  QR  : qr  : : C X Tl  : c x t* whence 


plate  4. 

Fig.  4. 


Cor.  1.  If  a body  P,  revolving  about  the  centre  S,  defcribes  a curve  line  APQ_,  and 
a right  line  ZPR  touches  that  curve  in  any  point  P ; and,  from  any  other  point  Q^_  of  the 
curve,  OR  is  drawn  parallel  to  the  diftance  SP,  meeting  the  tangent  in  R ; and  Qd  is  drawn 
perpendicular  to  the  diftance  SP  ; the  centripetal  force  will  be  reciprocally  as  the  quantity 


SP 


if  this  be  taken  of  that  magnitude  which  it  ultimately  acquires,  fuppofing  the 


QR 

points  P and  Q^  continually  to  approach  to  each  other.  For  QR  is  equal  to  the  verfed 
fine  of  double  the  arc  QP,  in  whofe  middle  is  P : and  double  the  triangle  SQP,  or  SP  x QP 
(or  ultimately  QT)  is  proportional  to  the  time,  in  which  that  double  arc  is  defcribed 
(by  Prop.  LXXII.)  and  therefore  may  be  ufed  for  the  exponent  of  the  time.  Whence 
OR  _ • „ . SP1  X QT1  fp'Xqt' 

c SP^QP  : jFxT* 5 thatis>C5,s ,0 ' rec'procaUir-as  QR  : ~~v~' 

SP1  x QT1 

or  the  centripetal  forces  are  reciprocally  as  


Cor. 
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Cor.  2.  Hence,  if  any  curvilinear  figure  APCMs  given  ; and  therein  a point  S is  alfcr 
given,  to  which  a centripetal  force  is  perpetually  directed  ; the  law  of  centripetal  force 
may  be  found,  by  winch  the  body  P,  continually  drawn  back’  from  a redtilinear  courfe, 
will  be  retained  in  the  perimeter  of  that  figure,  and  will  defcribe  the  fame  by  a perpetual 

SP*  xQT* 

revolution.  That  is,  we  are  to  find  the  quantity, ■ , reciprocally  proportional  to 

this  force.  • 


79/ 


PROP.  LXXXI,  If  equal  bodies,  revolving  in  ellipfes,  defcribe  equal 
areas  in  equal  times,  their  centripetal  forces  are  to  one  another  inveriely 
as  the  fquares  of  their  diftances  from  the  foci  of  the  ellipfe  towards 
which  they  tend. 


Let  S be  the  focus  : let  a body  P,  tending  towards  S,  defcribe  a part  of  the  ellipfe  PQ_; 
join  SP  ; draw  QR  to  the  tangent  YZ,  parallel  to  SP  ; join  PC,  and  produce  it  to  G. 
Complete  the  parallelogram  QatPR,  produce  Qx  to  vt  Qv  is  ordinately  applied  to  GP  •,  draw 
DK,  a diameter  parallel  to  YZ,  and  draw  IH  from  the  other  focus  H to  SP  parallel  to  YZ  ; 
join  HP,  and  draw  QT  perpendicular  to  SP,  as  alfo  PF  to  DK. 

EP  is  equal  to  the  greater  femiaxis  AC.  For,  becaufe  CS  is  equal  to  CH,  ES  is  equal 
to  El,  (El.  VI.  2.)  whence  EP  is  half  the  fum  of  PS,  PI,  that  is,  of  PS,  PH,  (for  El.  I. 
13.)  RPI,  IPZ,  are  equal  to  HPR,  HPZ  ; and  taking  away  the  common  part  HPI,  the 
angle  IPR  is  equal  to  HPZ  ; whence  (Eh  I.  29.)  the  angle  PIH  is  equal  to  PHI,  and  PI 
is  equal  to  PH;  and  PS,  PH,  together,  (Simfon’s  Conic  Se£L  II.  1.)  are  equal  to  the 
whole  axis  2 AC.  ■ EP  therefore  is  equal  to  AC. 

Putting;  L for  the  principal  latus  reEhnrt  of  the  ellipfe,  L,  (by  definition)  is  equal  to 
sliC*  L 2CB1 

~X~C~  (for  : : : CB  : whence  ~ =s-L.)  AndLxQR  : LxPv  : : QR;Pv; 


and  QR=P,x  ; and  Pa-  : Pv  : : PE  : PC  ; whence  LxQR  : LxPv  : : PE  or  AC  : PC. 
And  (El.  VI.  1.)  LxP'f  : GvxPv  : : L : Gv  ; and  (Simf.  II.  15.)  GvxPn  : Qv1  : ; 
PC1  : DC1.  And  (Lem.  IV.)  the  points  Qjmd  P continually  approaching,  Qy1  is  to 
Q*1  ultimately  in  the  ratio  of  equality.  And  (fince  the  triangles  QT.v,  EPF,  are  fimilar, 
I°r  Q*T=rPEF,  and  QTx  to  EFP)  Q*1  or  Qv1  : QT*  : : EP1  or  AC1  : PF1.  But 
becaufe  (Simf.  II.  20.  Compare  Vince’s  Con.  Se£l.  II.  10.  Cor.  1.)  parallelograms  about 
conjugate  diameters  are  equal  to  the  re&angle  under  the  axes,  the  redtangle  PF,  DC,  is 
equal  to  the  rectangle  ACB,  whence  PF  : AC  : : CB  : DC,  and  AC1  : PF*  : : CD1  : CB% 
wherefore  Qy1  : QT1  : : CD1  : CB1.  Compounding  die  following  ratios^ 


LxOR  : LxPv  : : AC  : PC, 
ExPia  : GvxPv  : : L : Gv, 
GvxPu  : Qv*  : : PC1  : CD1, 
Qv*  : QT1  ; ; CD1  : CB1  ; 


.And, 
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And,  (hiking  opt  the  equal  quantities,  L x QR.  QT1  : i A.C  X L X PC  : Qv  X 
CBh 

Then  fubftitute  for  AC  x L 16  equal  2CB1,  and 
L X QR  : QTa  ; : 2BC1  x PC  : Gv  X BCl 

or  BCa  x 2PC  : Gv  x BC* 
or  2PC  : Gv 


But  the  points  Q^_  and  P continually  approaching  without  end,  2PC  and  Gw  are  equal ; 

wherefore  L x QR-  and  QT1,  ;proportional  -to  t’nefe  are  alfo  equ,al.  Multiply  ihefe  equaL 

SP1  SPl  x QJt 

into  tQ^'an^  B X BP1  will  become  equal  to  c 

- *•'  j * «.  i . . 

Therefore  (by  Lem.  VII.  Cor.  1 and  2.)  the  centripetal  force  is  reciprqcally  asL.  x SPi1 
that  is,  fmee  L is  a given  quantity,  as  BP1,  or  in  a duplicate  ratio  of  the  diftance-SP. 
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PART  I. 

Of  Hydrostatics. 


CHAP.  I. 


Def.  I. 


0/*  the  Weight  and  Prejfurc  of  Fluids . 

A FLUID  is  a body,  the  parts  of  which  yield  to  any 
force  impreffed  upon  them,  and  eafily  move  out  of  their 

places. 


PROPOSITION  L 


The  weight  of  fluids  is  as  their  quantities  of  matter* 

Since  each  particle  of  any  fluid  gravitates  towards  the  earth,  the  greater  is  the  number 
of  particles,  that  is,  the  quantity  of  matter  in  any  mafs  of  fluid,  the  greater  will  be  the 
weight  of  that  mafs. 

Exp.  t.  The  different  preffures  of  different  columns  of  fluid  in  the  fame  veffel  at  dif- 
ferent depths,  appear  from  the  different  quantities  of  fluid  difcharged,  at  different  depths,  in 
the  fame  time,  from  orifices  of  the  fame  bore. 

2.  If  the  air  be  exh  a tiffed  from  a tube  in  part  filled  with  water,  and  the  tube  be  clofed 
up,  the  folidity  of  the  particles  of  water  will  be  perceived  from  the  found  produced  by 
faddenly  lifting  up  the  tube* 


M 


Cor* 


CO/ 
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Cor.  Fluids  gravitate  in  fluids  of  the  fame  kind.  For  they  cannot  lofe  the  property  o£ 
gravity  which  belongs  to  all  bodies  by  fuch  a change  of  fituation.. 

Exp.  Sufpend  a flopped  phial  fro^i  one  arm  of  a balance,  in  a veflel  of  water,  and 
balance  it  by  weights  from  the  oppofte  arm  of  the  balance  : upon  unflopping  the  phial  under 
water,  a quantity  of  water  will  rufh  into  it,  by  which  the  weight  will  be  increafed  as 
much  as  the  weight  of  the  water  in  the  phial,. 

PROP.  II.  When  the  furface  of  a fluid  is  level,  the  whole  mafs 
will  be  at  reft. 

Plate  j.  Let  A BCD  be  a veflel  containing  water,  the  level  furface  of  which  is  EF.  Conceive 
*li>-  *■  the  whole  mafs  of  fluid  in  the  veflel  to  be  divided  into  thin  jlrata,  or  plates,  RS,  TV,  XY, 
&c.  lying  horizontally  one  above  another  ; and  into  fmall  perpendicular  columns  GH,  IK, 
LM,  &c.  contiguous  to  each  other.  Ia  the:  flratum  XY,  and  the  columns  IK,  let  «, 
be  two  adjacent  drops.  Neither  of  thefe  drops  can  move  towards  the  column  in  which  the 
other  is,  without  driving  that  other  out  of  its  place,  becaufe  the  fluid  is  fuppofed  incom- 
preflible.  But,  with  whatever  force  the  particle  m endeavours  to  difplace  the  particle  »,  this 
force  is  counterbalanced  by  an  equal  and  contrary  effort  on  the  part  of  n ; becaule  (Prop.  I.) 
they  are  equally  preffed  by  the  equal  columns  above  them  : coufequently  the  particles  will  be 
at  reft. 

PROP.  III.  Any  part  of  a fluid  at  reft  prefles,  and  is  prefled,  equally 
in  all  directions. 

For  (Def.  I.)  each  particle  is  difpofed  to  give  way  on  the  flighteft  difference  of  preflure  : 
and,  by  fuppofition,  each  particle  is  preffed  by  the  contiguous  particles  in  fuch  manner  as 
to  be  kept  at  reft  in  its  place  : it  is  therefore  preffed  with  an  equal  degree  of  force  on  alb 
Tides  ; and,  coufequently,  (Book  II.  Prop.  111.)  it  preffes  equally  in  all  directions. 

Cor.  Hence  the  lateral,  preflure  of  a fluid  is  equal  to  the  perpendicular  preflure.  This 
is  one  of  the  rnoft  extraordinary  properties  of  fluids,  and  can  be  conceived  to  arife  only 
from  the  extreme  facility  with  which  the  component  particles  move  among  each  other. 

Exp.  i.  Into  feveral  Kibes,  bent  near  their  lower  ends  in  various  angles,  pour  a fufficient: 
quantity  of  mercury  to  fill  the  lower  parts  of  their  orifices  ; then  dip  them  into  a deep  glafs- 
vdfjl  filled  with  water,  keeping  tire  orifice  of  the  longer  legs  above  the  furface  : whilft  the 
tubes  are  defeending,  the  mercury  will  be  gradually  preffed  upwards  in  the  rubes,  and  the 
preflure  will  be  equal  at  any  given  deptlr,  whatever  be  the  direftion  of  the  preffing  column 
of  fluid  in  the  flrortcr  leg  of  the  tube.  Oil  maybe  ufed  inftead  of  mercury. 

2.  Dip  an  open  end  of  a tube,  having  a very  narrow  bore,  into  a veflel  of  quickfilver; 
then,  flopping  the  upper  orifice  with  the  finger,  lift  up  the  tube  out  of  the  veflel : a fhort 

column 
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column  of  quickfdver  will  hang  in  the  lower  end,  which,  when  dipped  in  water  lower 
than  14  times  its  own  length,  will,  upon  removing  the  finger,  be  fufpended,  and  prefled 
upwards. 

3.  Let  a large  open  tube  be  covered  at  one  end  with  a piece  of  bladder  drawn  tight  : 
pour  into  the  tube  a quantity  of  coloured  water  fufficient  to  prefs  the  bladder  into  a convex 
form  ; then,  dip  the  covered  end  of  the  tube  {lowly  into  a deep  vefiel  of  water ; the  bladder, 
by  the  upward  preffure,  will  become  'firlt  lefs  convex,  then  plane,  and  at  lalt  concave. 

4.  If  the  like  be  done  with  feveral  tubes,  whofe  covered  orifices  are  cut  obliquely  at 
different  angles,  the  lateral  preffure  will  be  feen  -to  increafe  with  the  depths  to  which  the 
tubes  are  immerfed. 

5.  Let  a circular  piece  of  brafs,  whofe  upper  furface  is  covered  with  wet  leather,  be 
held  clofe  to  one  orifice  of  a large  open  tube,  by  means  of  a cord  or  wire  fattened  to  the 
middle  of  the  plate,  and  paffmg  through  the  tube  : let  the  plate,  thus  kept  clofe  to  the 
orifice  of  the  tube,  be  immerfed  with  the  tube  into  a large  vefiel  of  water  : when  the  plate 
is  at  a greater  depth  than  8 times  its  thicknefs  in  the  water,  the  cord  or  wire  may  be  left  at 
liberty,  and  the  upward  preffure  of  the  fluid  will  keep  the  plate  clofe  to  the  tube. 

6.  Let  a fmall  bladder,  tied  clofely  about  one  end  of  an  open  tube  having  a large  bore, 
be  filled  with  coloured  water  till  the  water  riles  above  the  neck  of  the  bladder  ; upon 
immerfing  the  bladder  into  a vefiel  of  water,  the  bladder  will  be  compfefled  on  all  fides,  and 
the  coloured  water  will  be  raifed  up  in  the  tube  in  proportion  to  the  depth  to  which  the 
■bladder  is  funk. 

PROP.  IV.  When  a fluid  flows  through  a tube  which  is  wider  in 
fome  parts  than  in  others,  the  velocity  o.f  the  fluid  will,  in  every  ledtion 
of  the  tube,  be  inverfely  as  the  area  of  the  flection. 

Let  ADMN,  a bended  tube  larger  at  IL.  than  at  FG,  be  filled  with  water  to  the  height  Plate  j. 

ADFG.  Let  the  water  be  forced  downwards  in  the  part  ADBP,  and  confequently  be  FlS-  *• 

made  to  rife  in  the  other  .part  KIIMNT.  It  is  manifeft,  that  the  water  which  is  forced  out 
of  one  part  of  the  tube,  is  driven  into  the  other.  Hence  equal  quantities  pafs  through  every 

fedtion  of  the  tube  in  the  fame  time  : for  if  lefs,  or  more,  water  pafled  through  the  fedtion 

FG  than  through  IL  in  the  fame  time,  the  quantity  of  water  between  FG  and  IL  mull  be 
incrcafed  or  diminifhed,  winch  cannot  be,  fince  no  caufe  is  fuppofed  which  could  increafe  or 
dlminifh  it.  But  if  equal  quantities  pafs  through  unequal  parts  of  the  tube  in  the  fame 
time  the  water  muft  run  proportionally  fafter  where  the  tube  i3  narrower,  and  flower  where 
it  is  wider.  If,  for  example,  as  much  water  runs  through  the  fedtion  FG,  as  runs  in  the 
fame  time  through  the  fedtion  IL,  the  water  muft  move  as  much  fafter  at  FG  than  it  moves 
at  IL,  as  the  tube  is  narrower  at  FG  than  at  IL  } that  is,  the  velocity  is  inverfely  as  the 
area  of  the  fedtion. 

M a Cor, 
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Cor.  The  momentum  will  be  the  fame  in  every  feCtion  of  the  tube ; for  the  quantity 
of  water  at  each  feCHon  is  direCtly  as  the  area  of  the  feCtion,  and  the  velocity  is  inverfely  as 
the  area  ; therefore  the  velocity  is  inverfely  as  the  quantity  of  matter  : whence  (Book  II. 
Prop.  XI.)  the  momentum  is  every  where  the  fame. 

Schol.  Hence  we  may  account  for  the  fufpenfion  of  the  fluid  in  a tube  the  upper  part 
of  whofe  bore  is  capillary,  and  the  lower  of  a much  larger  dimenfion,  as  was  feen  in  the 
experiment,  Book  I.  Prop.  VII. 

Let  there  be  a tube  confifting  of  two  parts  DR  and  RCK,  of  different  diameters  : DR 
the  fmaller  part  of  the  tube,  is  able  (Book  1.  Prop.  VIII.)  to  raife  water  higher  than  the 
other:  let  then  the  height  to  which  the  larger  would  raife  it,  be  TC,  and  that  to  which 
it  would  rife  in  the  lefler,  if  continued  down  to  the  furface  of  the  fluid,  be  XH.  If  this 
compound  tube  be  filled  with  water,  and  the  larger  orifice  Civ  be  Immerfed  in  the  fame 
fluid,  the  furface  of  the  water  will  fink  no  farther  than  XL,  the  height  to  which  the  lefler 
part  of  the  tube  would  have  railed  it.  But  if  the  tube  be  inverted,  and  the  fmaller  orifice 
XL  be  immerfed,  the  water  will  run  out  till  the  furface  falls  to  TF  ; the  height  to  which 
the  larger  part  of  the  tube  would  have  raifed  it. 

Let  the  tube  DR  be  conceived  to  be  continued  down  to  HI;  and  let  it  be  fuppofed  that 
the  fluids  contained  in  the  tube  XLill,  and  the  compound  one  XLKC,  are  not  fufpended 
by  the  ring  of  glafs  at  XL,  but  that  they  prefs  upon  their  rdpeCtive  bafes,  HI  and  Civ. 
Let  it  farther  be  fuppofed  that  thefe  bafes  are  each  of  them  moveable,  and  that  they  are 

raifed  up  or  let  down  with  equal  velocities  ; then  will  the  velocity  with  which  XL  the 

uppermoft  ftratum  of  the  fluid  XLCK  moves,  exceed  that  of  the  fame  ftratum,  confldered  as 
the  uppermoft  of  the  fluid  in  the  tube  XLHI,  as  much  as  the  tube  P..CK  is  wider  than  DR, 
(by  this  Prop.)  that  is,  as  much  as  the  fpace  MNKC  exceeds  XLIH.  Confequently,  the 
effect  of  the  attracting  ring  XL,  as  it  aCts  upon  the  fluid  contained  in  the  veflel  XLCK, 
exceeds  its  efteCt,  as  it  aCts  upon  that  in  XLHI,  in  the  flame  ratio.  Since,  therefore,  it  is 
able  to  fuftain  the  weight  of  the  fluid  XLHI  by  its  natural  power,  it  is  able,  under  this 
mechanical  advantage,  to  fuftain  the  weight  of  as  much  as  would  fill  the  fpace  MNKC  : but 
the  prdfure  of  the  fluid  XLCK  is  equal  to  that  weight,  as  having  the  fame  bafe  and  an 
equal  height  (as  will  be  {hewn  by  Prop.  VI.)  Its  prdfure,  therefore,  or  the  tendency  it 

has  to  defeend  in  the  tube,  is  equivalent  to  the  power  of  the  attracting  ring  XL,  for  which 

reafon  it  ought  to  be  fufpended  by  it. 

Again,  the  height  at  which  the  attracting  ring  in  the  larger  part  of  the  tube  is  able  to 
fuftain  the  fluid  is  no  greater  than  NF,  that  to  which  it  would  have  raifed  it,  had  the  tube 
been  continued  down  to  MN.  For  here  the  power  of  the  attracting  ring  aCts  under  a like 
mechanical  difadvantage,  and  is  thereby  diminilhed,  as  much  as  the  capacity  of  the  tube 
TFNM  is  greater  than  that  of  HIXL ; becaufe,  if  the  bafes  of  thefe  tubes  are  fuppofed  to 
be  moved  with  equal  velocities,  the  rife  or  fall  of  the  furface  of  the  fluid  TFXL,  would  be 
fo  much  lefs  than  that  of  TFMN.  And,  fince  the  attracting  ring  TF  is  able,  by  its 
natural  power,  to  fufpend  the  fluid  only  to  the  height  NF  in  the  tube  TFMN  ; it  is  in  this 
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cafe  able  to  fuftain  no  greater  preffure  than  what  is  equal  to  the  weight  of  the  fluid  in  the 
fpace  HIXL  : but  the  prelfure  of  the  fluid  TFXL,  which  has  equal  height,  and  the  fame 
bafe  with  it,  is  equal  to  that  weight  •,  and  therefore  is  a balance  to  the  attracting  power. 

From  hence  we  may  clearly  fee  the  reafon,  why  a fmall  quantity  of  water  put  into  a 
capillary  tube,  which  is  of  a conical  form,  and  laid  in  an  horizontal  fnuation,  will  run 
towards  the  narrower  end.  For  let  AB  be  the  tube,  and  CD  a column  of  water  contained  Platt  j, 
within  it;  when  the  fluid  moves,  the  velocity  of  the  end  D will  be  to  that  of  the  end  C Ilb'5' 
reciprocally  as  the  cavity  of  the  tube  at  D,  to  that  at  C,  (by  this  Prop.)  that  is,  (El.  XII.  2.) 
reciprocally  as  the  fquare  of  the  diameter  at  D,  to  the  fquare  of  the  diameter  at  C ; but  the 
attracting  ring  at  D is  to  that  at  C,  fingly  as  the  diameter  at  D to  the  diameter  at  C.  Now, 
lince  the  effect  of  the  attraction  depends,  as  much  upon  the  velocity  of  that  part  of  the  fluid 
where  it  aCts,  as  upon  its  natural  force,  its  effeCt  at  D will  be  greater  than  at  C ; for 
though  the  attraction  at  D be  lefs  in  itfeif  than  at  C,  yet  its  lofs  of  force  upon  that  account, 
is  more  than  compenfated  by  the  mechanical  advantage  it  has  ariiing  from  hence,  that  the 
velocity  of  the  fluid  in  that  part  is  more  increafed  than  the  force  itfeif  is  diminilhed  at  C. 

The  fluid  will  therefore  move  towards  B.  See  on  this  fubjeCt  Mr.  Vince’s  Principles  of 
Hydroftatics,  p.  65 — 9. 

> J-  ' i ' . . 

PROP.  V.  In  bended  cylindrical  tubes,  fluids  at  red  will  be  at  the 
fame  height  on  each  fide. 

In  the  tube  ADMN,  filled  with  water  to  the  height  AD,  the  water  cannot  defeend  from  Plate  5. 
AD,  without  rifing  towards  MN.  The  water  in  each  fide  of  the  veflel  may  therefore  be  11 
confidered  as  two  forces  aCting  upon  each  other  in  contrary  directions  : and  confequently 
thefe  two  mafles  of  fluid  will  only  be  at  reft  when  their  momenta  are  equal,  that  is,  (Book  II. 

Prop.  XI.  Cor.)  when  the  quantities  of  matter  are  inverfely  as  the  velocities,  or  (Prop.  IV.) 
directly  as  the  area  of  the  feCtion  through  which  it  flows.  Thus,  at  the  feCtions  BP,  KH, 
the  momenta  are  equal,  when  the  quantities  of  matter,  or  cylindrical  mafles  of  fluid  are 
as  the  areas  of  the  feCtions,  that  is,  as  the  bafes  of  the  cylinders  ADBP,  FGHK.  But 
cylinders  are  as  their  bafes  (El.  XII.  it.)  only  when  their  perpendicular  heights  are  equal, 
therefore  the  momenta  of  the  two  cylinders  of  fluid  will  be  equal,  and  confequently  the 
mafs  will  be  at  reft,  only  when  the  perpendicular  heights  of  each  column  are  equal. 

Exp.  i.  In  a bended  tube  of  large  but  unequal  bore,  water  will  rife  to  the  fame  height 
on  each  fide. 

2.  Let  water  fpout  upward  through  a pipe,  having  a fmall  orifice,  inferted  into  the 
bottom  of  a deep  vcffel  ; it  will  life  nearly  to  the  height  of  the  upper  furface  of  the  water 
in  the  vefTd.  The  refiftauce  of  the  air,  and  of  the  falling  drops,  prevents  it  from  rifing 
perfectly  to  the  level. 
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Cor.  If,  therefore,  a pipe  convey  a fluid  from  a refervoir,  it  can  never  carry  it  to  a 
place  higher  than  the  furface  of  the  fluid  in  the  refervoir. 

Schol.  In  this  demonftration,  we  do  not  confider  the  velocity  with  which  the  two 
columns  of  fluid  are  moving,  but  the  velocity  with  which,  if  they  move  at  all,  they  muft 
begin  to  move.  And  flnce,  if  their  perpendicular  height  is  the  fame,  the  velocity  with 
which  they  mufl  begin  to  move  will  be  inverfely  as  their  refpedtive  quantities  of  matter, 
they  cannot  begin  to  move  but  with  equal  momenta  ; and  their  motions  mufl  be  in  contrary 
directions,  becaufe  one  column  cannot  defeend  without  making  the  other  afeend : therefore 
thofe  equal  momenta  would  dcflroy  each  other.  Thefe  two  columns  then,  making  a con- 
tinual effort  to  move  with  equal  momenta  in  contrary  diredtions,  counterbalance  each  other. 


PROP.  VI.  The  preflure  of  fluids  Is  proportional  to  the  bale,  and 
the  perpendicular  height  of  the  fluids  whatever  be  the  form  of  the  veffel 
or  quantity  of  the  fluid. 

Cafe  i.  Let  the  fluid  be  contained  in  a perpendicular  cylindrical  veffel. 

Plate  5.  In  fuch  a veffel,  ABCD,  becaufe  the  whole  weight  of  the  fluid,  and  no  other  force,  prefles 
Flg' a'  diredlly  upon  the  bottom  Cl),  the  preflure  (by  Prop.  I.)  muft  be  as  the  quantity,  that  is, 

(El.  XII.  1 j,  14.)  as  the  bafe  and  perpendicular  height  of  the  fluid. 

Cafe  2.  Let  the  fluid  be  contained  in  a perpendicular  veffel,  the  bottom  of  which  is 
equal  to  that  of  the  cylinder  in  the  laft  cafe,  but  its  top  narrower  than  the  bottom. 

plate  5.  Let  the  veffel  DBLP,  have  the  portions  of  its  bafe  LA,  CP,  each  equal  to  OR.  From 
Fig.  6.  Prop.  I.  and  III.  it  appears,  that  each  of  thefe  portions  are  equally  prefled  by  the  column 

DBOR,  as  the  bafe  OR.  In  like  manner,  every  portion  of  the  bafe  LP  equal  to  OR  is  as 
much  preffed  as  OR.  Therefore  the  whole  bafe  LP  is  as  much  prefled  as  if  the  veffel  was 
of  the  cylindrical  form  FHLP. 

Or  thus  : Becaufe  (by  Prop.  V.)  if  a tube  were  inferted  at  NT,  of  the  diameter  OR, 
the  water  being  at  the  height  DB,  would  rife  to  the  level  FE,  there  muft  at  NT,  be  an 
upward  preflure  towards  F fuflicient  to  fill  up  the  columns  of  fluid  FELA,  that  is,  equal  to 
the  weight  of  as  much  water  as  would  fill  the  fpace  FENT.  Confequently  the  re-a£lion, 
that  is,  the  preflure  upon  the  bafe  LA  muft  be  equal  to  the  weight  of  as  much  water  as 
would  fill  FENT.  But  the  bafe  LA  fupports  this  re-a£tion,  and  likewife  the  weight  of 
the  water  NTLA,  which  are  together  equal  to  the  weight  of  DBOR.  The  bafe  LA, 
therefore,  fuftains  a preflure  equal  to  the  weight  of  the  column  DBOR.  And  every  equal 
portion  of  the  bafe  may,  in  tire  fame  manner,  be  fhewn  to  fuftain  an  equal  preflure.  There- 
£ore,  the  preflure  on  the  bafe  is  the  fame  in  veflels  of  the  form  fuppofed  in  this  cafe,  as  in 
cylinders  of  equal  bafes,  and  of  the  fame  altitude  with  thefe  veflels.  I he  lame  may  be 
fhewn  with  refpedl  to  a Yeflel  of  the  form  of  plate  5,  fig.  7. 
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Cafe  3.  Let  the  veflel  be  of  the  fame  bafe  and  altitude,  but  have  its  top  wider  than  the 
bafe* 

Let  the  fluid  of  the  veflel  be  divided  into  ftrata  EF,  GH,  IK,  See.  Let  us  alfo  imagine 
the  bottom  of  the  veflel  C to  be  moveable,  that  is,  capable  of  Aiding  up  and  down  the  ‘S  ' 
narrow  part  of  the  veflel,  from  C to  GH.  Let  it  further  be  fuppofed  that  this  moveable 
bottom,  is  drawn  up  or  let  down  with  a given  velocity,  while  the  veflel  itfelf  is  fixed  and 
immoveable  ; it  is  evident  the  lowed  ftratum,  which  is  contiguous  to  the  bottom,  will  be 
raifed  or  let  down  with  the  fame  velocity,  and  will  therefore  have  a momentum  proportional 
to  that  velocity,  and  the  quantity  of  matter  it  contains  : but  (by  Prop.  IV.  Cor.)  the  red 
of  the  ftrata  will  have  the  fame  momentum  : confequently,  the  momentum  of  all  taken 
together,  that  is,  of  the  whole  fluid-,  is  the  fame  as  if  the  veflel  had  been  no  larger  in  any 
one  part  than  it  is  at  the  bottom,  for  then  the  momentum  of  each  lira  turn  would  alfo  have 
been  as  great  as  that  of  the  lowed.  The  preflure,  therefore,  or  adtion  of  the  fluid,  with 
which  it  endeavours  to  force  the  bottom  out  of  its  place,  is  as  the  number  of  flrata,  that  is, 
the  perpendicular  height  of  the  fluid,  and  the  magnitude  of  the  lowed  firatum,  that  is,,  the 
bafe.- 

Cafe  4.  Let  the  fluid  be  in  an  inclined  cylindrical  vefleL 

In  the  inclined  cylindrical  veflel  ABNI,  as  much  as  the  fluid  is  prevented  from  preding  Plate  5. 
upon  the  bafe  NI,  by  being  in  part  fupported  by  the  fide  of  the  veflel  AN,  fo  far  is  the  Fl^‘ 
preflure  upon  the  bafe  increafed  by  the  re-a£tion  of  the  oppofite  fide  BI,  which  is  equal  to 
the  adtion  of  the  former,  becaufe  the  fluid,  preffing  every  way  alike  at  the  fame  depth  below 
the  fuvface,  exerts  an  equal,  force  againd  both  the  fides.  The  bafe  Nl  is  therefore  prefled 
with  the  fame  force  with  which  it  would  be  prefled,  if  the  fluid  contained  in  the  veflel 
ABNI  was  included  in  the  veflel  EDlO,  having  an  equal  bafe,  and  the  fame  perpendicular- 
height  with  the  veflel  ABNI  ; that  is,  (by  the  firfl  cafe)  the  preflure  is  as  the  bafe  NI  and 
altitude  CN. 

Since  then,  the  preflure  upon  the  bafe  of  vefiels,  either  wider  or  narrower  at  the  top 
than  the  bottom,  and  likewife  the  preflure  upon  the  bafe  of  vefiels  inclined  to  the  horizon, 
is  equal  to  that  upon  the  bafe  of  a cylindrical  veflel  of  the  fame  bafe  and  height,  the  fides 
of  which  are  perpendicular  to  the  horizon  ; and  fince  the  preflure  upon  the  bafe  of  fuch  a 
cylinder  is  as  its  bafe  and  height  ; the  preflure  upon  the  bottom  of  all  vefiels  filled  with  fluid, 
is  proportional  to  their  bafe  and  perpendicular  height. 

Exp.  r.  Let  two  tubes- of  different  forms  be  fucce (lively  applied  to  the  fame  moveable 
circular  bafe,  fufpended  by  a wire,  palling  from  the  centre  of  the  bafe  through  the  tubes, 
to  the  beam  of  a balance  : when  the  different  tubes  are  filled  to  the  fame  height,  it  will  re- 
quire the  fame  weight  at  the  oppofite  end  of  the  balance  to  keep  the  bafe  from  finking. 

Hence  any  quantity  of  fluid,  how  fmall  lbever.  may  be  made  to  balance  and  iupport  any 
quantity  how  great  foever,  which  is  called  the  bydrojlalical  paradox , 
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2-  Let  two  tubes,  the  one  cylindrical,  the  other  of  the  form  of  a fpeaking  trumpet, 
have  their  bates  of  equal  diameter,  covered  with  bladder,  aneb  inferted  in  a veffel  of  water, 
as  in  Prop.  III.  Exp.  3.  the  bladder  will  become  plane  at  the  fame  depth  in  both  : from 
whence  it  appears,  that  fince  the  upward  preflures,  at  the,  fame  depth,  are  equal,  the  down- 
ward preffures  in  the  two  tubes  are  alfo  equal. 

Cor.  1.  Hence  in  different  veffels,  containing  different  fluids,  the  preffures  are  as  the 
areas  of  the  bales  multiplied  into  the  depths,  and  fpecific  gravities. 

Cor.  2.  Mf  a cone  be  filled  with  a fluid,  and  (landing  on  its  bafe,  the  preffure  on  its  bafe 
will  be  equal  to  three  times  the  weight  of  the  fluid.  Let  B be  equal  the  bafe,  H equal  the 

g 

perpendicular  height,  then  the  folid  content,  or  weight,  will  be  equal  — x H,  but  the  pref- 
fure will  be  BxH,  therefore  equal  to  three  times  its  weight. 

Cor.  3.  A fmall  quantity  of  fluid  may  be  made  to  prefs  with  a force  fufficient  to  raife  a 
great  weight. 

Since  (as  was  {hewn  in  Prop.  V.)  as  much  fluid  as  will  Fill- the  tube  DBIV  preffes  up- 
wards againft  VM,  with  a force  equal  to  the  weight  of  as  much  fluid  as  would  fill  the  fpace 
BHVM  ; the  bafe  remaining  the  fame,  the  fpace  BHVM,  that  is,  the  weight  which  may 
be  raifed  will  (by  this  Prop.)  be  as  the  height  VB,  which  may  be  increafed^at  pleafure. 

Exp.  Let  two  circular  pieces  of  wood  be  united  by  leather  in  the  manner  of  a pair 
of  bellows  } in  the  upper  board  infert  a long  tube  with  a large  bore  ; through  which  pour 
water  into  the  veffel ; the  upward  preffure  of  the  water  as  it  is  poured  in,  will  raife  a great 
weight. 

Cor.  4.  From  hence  it  may  be  proved,  independently  of  the  reafoning  in  Prop.  V.  that, 
in  bended  veflels,  or  channels  of  any  form,  fluids  rife  to  the  fame  height,  whatever  be  the 
difference  between  the  quantities  of  fluid  on  each  fide  : for  whatever  be  the  form  of  the 
channels,  the  plane  which  is  perpendicular  to  the  loweft  point  being  confidered  as  the  com- 
mon bafe,  the  preffure  upon  it  is  equal,  when  the  fluid  on  each  fide  is  of  equal  altitude  } 
and  the  whole  mafs  can  only  be  at  reft  when  the  oppofite  preflures  are  equal. 

Schol.  This  preffure  of  the  fluid  upon  the  bafe  does  not  alter  the  weight  of  the  veffel 
and  fluid  confidered  as  one  mafs,  becaufe  the  aftion  and  re-a£tion  which  caufe  it,  with  refpedt 
to  the  weight  of  the  veffel,  deftroy  one  another  ; the  veffel  being  as  much  fuftained  by  the 
action  upwards,  as  it  is  preffed  by  the  re-adtion  downwards. 

PROP.  VII.  The  preffure  of  a fluid  upon  any  indefinitely  fmall  part 
of  the  fide  of  the  veffel  which  contains  it,  is  equal  to  the  weight  of  a 
column  of  the  fame  fluid,  whofe  bafe  is  the  part  preffed,  and  whole 
height  is  the  diftance  of  that  part  from  the  furface  of  the  fluid. 
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Let  ABCD  be  a veflel  filled  with  fluid  ; AB  its  furface  •,  and  L a point  in  the  fide  piate 
of  the  veflel.  The  indefinitely  fmall  drop  which  lies  next  to  the  point  L is  prefled  down-  J-- 
wards  (by  Prop.  I.)  by  a force  equal  to  the  weight  of  a column  of  water  whole  bale,  is  L, 
and  height  LA,  the  diftance  of  that  part  from  the  furface.  And  (by  Prop.  III.)  this  drop 
is  prefled  Tideways  towards  L with  the  fame  force  with  which  it  is  prefled  downwards. 

Whence  the  propofition  is  manifeft  concerning  the  point  L.  And  the  fun e may  be  proved 
concerning  any  other  points  M,  N,  C,  equal  to  L.  The  fame  is  evidently  true  in  an  in- 
clined veflel. 

PROP.  VIII.  The  preflure  of  a fluid  upon  any  plane,  is  equal  to 
the  weight  of  a body  which  has  the  fame  denfity  with  the  fluid,  and  is 
formed  by  railing  perpendiculars  upon  each  indefinitely  fmall  part  of  the 
plane,  equal  in  height  to  the  diftance  of  that  part  from  the  furface  of 
the  fluid. 

It  has  been  proved,  in  the  laft  propofition,  that  the  preflure  upon  each  indefinitely  fmall  Plate  5. 
part  of  the  line  AC,  in  the  fide  of  the  veflel  ABCD,  is  equal  to  the  weight  of  a column  tlg'  l1' 
of  fluid  whofe  bafe  is  the  part  prefled,  and  whofe  height  is  the  diftance  of  that  part  from  the 
furface  AB.  Hence,  if  from  the  point  L a perpendicular  LO  be  raifed  whofe  bafe  is  L,  and 
whofe  length  LO  is  equal  to  LA  the  diftance  of  L from  the  furface,  if  this  perpendicular 
confided  of  matter  of  the  fame  denfity  with  the  fluid  in  the  veflel,  the  weight  of  this  per- 
pendicular column  would  be  equal  to  the  preflure  upon  the  point  L.  If,  in  like  manner, 
perpendiculars,  confiding  of  matter  of  the  fame  denfity  with  the  fluid,  were  raifed  upon 
every  point  between  A,  C,  they  would  together  fill  up  the  area  of  the  triangle  ACD  •,  and 
the  preflure  upon  the  whole  line  AC  in  the  fide  of  the  veflel  ABCD,  becaufe  it  is  equal  to 
the  fum  of  the  preflures  upon  all  its  parts,  mud  be  equal  to  the  weight  of  this  triangle  ACD. 

The  fame  may  be  proved  concerning  any  other  lines  in  the  fide  of  the  veflel,  as  III,  EF.  Fig.  14. 
Confequently,  the  preflures  upon  the  whole  fide  will  be  equal  to  the  weight  of  as  many  fuch 
triangles  as  there  can  be  lines  drawn  upon  it  in  the  fame  manner  as  AC,  HI,  EF  are  drawn. 

But  all  thefe  triangles  together  would  fill  up  the  whole  fpace,  or  compofe  a folid,  CFG  DAE. 
Therefore  the  preflure  upon  the  fide  AECF  will  be  equal  to  the  weight  of  this  folid  con- 
fiding of  matter  which  has  the  fame  denfity  with  the  fluid  in  the  veflel ; which  folid  is 
formed  by  raifing  perpendiculars  upon  each  line  of  the  fide,  refpecSIively  equal  to  the  diftance 
of  that  point  from  the  furface  of  the  fluid. 

In  like  manner,  if  AC  is  a line  drawn  in  the  inclined  fide  of  a veflel,  in  which  the  water  plate  5. 
reaches  to  the  level  AB,  the  preflure  upon  this  line  may  be  eftimated  as  before.  SL  is  the  Fl<J- 
diftance  of  L from  the  furface.  Let  therefore  a perpendicular  LO,  equal  in  length  to  LS, 
be  raifed  upon  the  point  L ; then,  if  this  perpendicular  was  a column  of  matter  of  the  fame 
denfity  with  water,  the  weight  of  it  would  be  equal  to  the  preflure  upon  L.  For  the  fame 
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reafon,  if  a perpendicular  MP  is  railed  upon  the  point  M,  and  is  made  equal  in  length  to 
MT  the  diltance  of  JY1  from  the  furface  ; fuch  a perpendicular,  confiding  of  matter  of  the 
fame  denfity  with  water,  and  being  of  the  fame  fize,  would  have  the  fame  weight  as  the 
column  of  water  MT.  And  fincc  (by  Prop.  I.)  the  prelfure  upon  M equals  the  weight  of 
the  incumbent  water  MT,  it  likewife  equals  the  weight  of  the  perpendicular  MP.  In  like 
manner,  the  points  N and  C are  prefled  by  the  weight  of  the  incumbent  columns  NV  and 
XC,  which  is  equal  to  the  weight  of  the  perpendiculars  NQ^,  CR,  fuppofing  thofe  perpen- 
diculars to  be  equal  in  height  to  NV  and  XC,  and  to  confilt  of  matter  whofe  denfity  is 
the  fame  with  that  of  the  columns  NV  and  XC.  Thus  the  preffure  upon  the  whole  line, 
being  made  up  of  the  prefl'ures  upon  all  its  parts,  will  be  equal  to  the  weight  of  as  many 
perpendiculars,  as  can  be  raifed  in  this  manner  between  A and  C.  The  fum  of  all  thofe 
perpendiculars  is  the  triangle  ACR,  whole  weight  therefore  is  equal  to  the  prelfure  upon  the 
line  AC.  But  if  as  many  fuch  triangles  were  added  together,  as  there  are  lines  parallel  to 
AC  in  the  whole  fide  of  the  veflel,  all  thefe  triangles  together  would  form  a folid.  And 
fince  this  folid  is  the  fum  of  all  the  preflures  upon  each  point  of  the  fide,  the  weight  of  it, 
" fuppofing  it  to  confilt  of  matter  that  has  the  fame  denfity  as  water,  would  be  equal  to  the 
prelfure  upon  the  whole  fide. 

PR.OP.  IX.  The  preffure  upon  any  one  fide  of  a cubical  veffel  filled 
with  fluid,  is  half  the  preffure  upon  the  bottom. 

The  bottom  fultains  a prelfure  equal  to  the  whole  weight  of  the  fluid  in  the  veflel. 
And  the  prelfure  which  the  fide  fultains  is  equal  to  the  weight  of  the  prifm  CFGDAE, 
which  (El.  XI.  28.)  is  half  the  cube  ; therefore  the  fide  fultains  a prelfure  equal  to  half  the 
prelfure  upon  the  bottom. 

Or  thus  : Becaufe  the  prelfure  upon  every  part  of  the  veflel  at  the  bottom  is  equal  to  the 
weight  of  a column  whofe  bafe  is  the  part  prefled  upon,  and  height  that  of  a perpendicular 
from  the  bottom  to  the  furface  ; if  the  prelfure  were  the  fame  every  where  from  the  top  to 
the  bottom,  it  would  be  equal  to  the  weight  of  as  many  fuch  columns  as  would  correfpond 
to  all  the  parts  of  the  veflel.  But  the  prelfure  every  where  diminilhes  as  we  approach  to- 
wards the  furface,  where  it  is  nothing  ; the  preflure  on  the  fide  is  therefore  only  half  of 
that  on  the  bottom  of  the  veflel  : a number  of  terms  in  arithmetical  progreflion  beginning 
from  nothing  being  half  the  fum  of  an  equal  number  of  terms,  each  of  which  is  equal  to 
the  laft  in  the  progreflion. 

Cor.  1.  The  gravity  of  the  fluid  in  a cubical  veflel  producing  upon  each  of  the  four 
Tides  a prelfure  equal  to  half  that  upon  the  bottom,  and  upon  the  bottom  a preflure  equal  to 
itfelf,  produces  on  the  whole  a preflure  three  times  as  great  as  itfelf. 

Cor.  2.  When  the  area  of  the  part  prefled  is  given,  the  preflure  is  as  the  perpendicular 
diltance  of  that  part  from  the  furface  : where  the  depth  of  the  part  is  given,  the  prelfure  is 
as  the  area  ; and  where  the  diltance  from  the  furface  is  given,  the  prelfure  is  as  the  bafe. 
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Schol.  There  is  a particular  point  in  which  the  whole  preflure  again  ft  the  fide  acts  : it 

is  called  the  centre  of  prefure,  and  is  the  fame  with  the  centre  of  of  dilation  of  the  fide 

vibrating  on  the  upper  line  of  it  as  an  axis.  See  Prop.  XLVL  Schol.  1.  Book  2. 

CHAP.  II. 

Of  the  Motion  of  Fluids. 

SECT.  I. 

Of  Fluids  puffing  through  the  Bottom  or  Side  of  a Vejfel. 

PROP.  X.  The  momentum  with  which  any  fluid  runs  crut  of  a given 
orifice  in  the  bottom  or  fide  of  a veflel,  is  proportional  to  the  perpendic- 
ular depth  of  the  orifice  below  the  furface  of  the  fluid. 

The  preflure  of  a fluid  againft  any  given  furface  being  (by  Prop.  I.  and  III.)  proportional 
to  the  perpendicular  height  of  the  fluid  above  that  part ; if  that  given  furface  be  removed, 
the  fluid  will  be  driven  through  the  orifice  by  this  preflure.  The  force  therefore  with 
which  the  fluid  pafles  through  the  orifice  is  as  the  perpendicular  depth  of  the  orifice  below 
the  furface  of  the  fluid  : but  the  momentum  is  always  as  the  moving  force  : therefore  the 
momentum  is  alfo  as  the  perpendicular  depth  of  the  orifice. 

- - . * 

PROP.  XI.  The  momentum  with  which  any  fluid  runs  out  of  a 
given  orifice  in  the  bottom  or  fide  of  a veflel,  is  as  the  fquare  of  its 
velocity,  or  as  the  fquare  of  the  quantity  of  matter. 

The  momentum  (by  Book  II.  Prop.  XI.)  is  in  the  compound  ratio  of  the  quantity  of 
matter  and  velocity.  And  it  is  manifeft,  that,  fince  the  orifice  is  given,  the  quantity  of 
fluid  difeharged  will  always  be  as  the  velocity  : therefore  the  momentum  is  as  the  fquare  of 
the  velocity,  or  of  the  quantity  of  fluid. 

PROP.  XII.  The  velocity  with  which  any  fluid  runs  out  of  an 
orifice  in  the  bottom  or  fide  of  a veflel,  is  as  the  fquare  root  of  the  per- 
pendicular depth  of  the  orifice  from  the  furface  of  the  fluid. 

Becaufe  the  momentum  is  as  the  fquare  of  the  velocity,  (by  Prop.  XI.)  and  as  the  perpen- 
dicular depth  of  the  orifice,  (by  Prop.  X.)  the  fquare  of  the  velocities  (El.  V.  11.)  is  as 
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the  perpendicular  depth,  and,  confequently,  the  velocity  as  the  fquare  root  of  the  perpendic- 
ular depth. 

Cor.  1.  Hence  a fluid  running  out  of  a veflel  which  empties  itfelf,  flows  with  an 
uniformly  retarded  velocity  : for  the  perpendicular  depths  are  continually  dimimthing. 

Cor.  2.  Hence  alfo  the  furface  defcends  with  an  uniformly  retarded  velocity,  and  the 
fpaces  defcribed  by  it,  in  equal  portions  of  time,  are  (Prop.  XXVI II.  13ook  11.)  as  the 
odd  numbers  1,  3,  5,  7,  9,  See.  taken  backwards. 

Cor.  3.  If  therefore  a cylindrical  veflel  be  divided  into  portions,  continued  to  the  fur- 
face  of  the  fluid,  which  are  as  the  odd  numbers,  1,  3,  5,  7,  See.  a clepfydra  or  hour-glai's 
will  be  formed  •,  for  the  furface  will  defeend  through  thefe  diviflons  in  equal  times. 

PROF.  XIII.  A fluid  runs  out  of  an  orifice  in  the  bottom  or  fide  of 

a veflel,  with  the  velocity  which  a heavy  body  would  acquire  in  falling 
freely  through  a fpace,  equal  to  the  perpendicular  difiance  of  the  orifice 
from  the  furface  of  the  fluid. 

Let  ABCD  be  a veflel  filled  with  any  fluid,  to  the  height  FG.  It  is  manifeft,  that  at 
the  beginning  of  the  fall  of  each  drop  from  the  upper  furface  FG,  it  muft  be  carried  down- 
ward by  its  gravity  with  the  fame  velocity  with  which  any  other  heavy  body  would  begin  to 
defeend.  And,  if  an  orifice  be  made  in  the  veflel  at  L,  any  point  below  the  furface,  the 
fluid  which  pafles  through  that  orifice,  will  (by  Prop.  XII.)  move  with  a velocity  which 
is  as  the  fquare  root  of  the  diftance  from  the  furface.  But  if  a body  were  to  fall  from  the 
furface  to  the  point  L,  it  would  acquire  a velocity  which  would  be  (by  Book  II.  Prop.  XXVI. 
Cor.  2.)  as  the  fquare  root  of  this  diftance.  Therefore,  fince  the  velocity  with  which  the 
fluid  moves,  is,  at  the  beginning  of  its  motion,  equal  to  that  of  a falling  body,  and  fince  at 
every  given  diltance,  thefe  velocities  have  the  fame  ratio,  namely,  that  of  the  fquare  root  of 
the  diftance  from  the  furface,  that  is,  (El.  V.  9.)  are  equal,  the  propofition  is  manifeft. 

Cor.  Suppofing  O,  V,  T,  Q_>  to  reprefent  the  area  of  the  orifice,  velocity,  time,  and 
quantity,  flowing  out  in  that  time  refpedtively  ; will  vary  as  OxVxT,  or  as  OxT 
X \/ H,  (Prop.  XII.)  and  when  T is  given  asOx\/h. 

Schol.  When  a fluid  fpouts  from  a veflel,  it  rufhes  from  all  fides  towards  the  orifice, 
which  is  the  caufe  of  the  contraction  of  the  ftream  at  the  diftance  from  the  orifice  equal 
to  its  diameter,  and  is  called  the  vena  contrafta.  Now  the  area  of  the  orifice,  is  to  the 

area  of  the  fmalleft  feCtion  of  the  ftream,  nearly  as  \/  2 to  1 ; hence  (by  Prop.  IV.)  the 
velocity  at  the  vena  contra&a  is  to  the  velocity  at  the  orifice  as  \/  2 to  1.  Sir  I.  Newton 
found,  that  the  velocity  at  the  vena  contra£la  was  that  which  a body  acquires  in  falling 
down  the  altitude  of  the  fluid  above  the  orifice.  We  muft,  therefore,  diftinguifh  between 
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the  velocity  at  the  orifice,  anti  at  the  vena  contrafla,  and  in  the  do&rine  of  fpouting  fluids. 
It  is  the  latter  velocity  which  mult  be- confidered,  and  the  point  of  projection  mult  be  affumed 
from  that  point.  , 


PROP.  XIV.  When  two  cylindrical  veflels  have  their  bafes,  heights 
and  orifices  equal,  if  one  of  them  be  always  kept  full,  it  will  difcharge 
double  the  quantity  of  fluid  difcharged  in  the  fame  time  by  the  other 
whilft  it  empties  itfelf. 

For  (by  Prop.  I.)  the  fluid  will  continue  through  the  whole  time, -to  run  with  the  fame 
velocity  out  of  the  veil'd  that  is  kept  full.  But-the  fluid  will  run  (Cor.  i.  Prop.  XII.) 
with  an  uniformly  retarded  velocity  out  of  tire  veflel  which  empties  itfell.  And,  fince  both 
velTds  are  full  at  fir  It,  the  velocity  which  continues  uniform-in  one  veflel,  will  (by  Prop.  I.) 
be  the  fame  with  the  firlt  velocity  in  the  veflel- in  which- the- fluid  is  uniformly  retarded. 
Therefore  the  quantity  difcharged  out  of  the  former  veflel,  will  be  to  the  quantity  difcharged 
in  an  equal  time  out  of  the  latter,  as  the  fpace  defcribed  by  a body  moving  with  an  uniform 
velocity,  to  the  fpace  defcribed  by  a body  which  fets  out  with  the  fame  velocity,  and  is 
uniformly  retarded.  But  (by  Book  II.  Prop.  XXVII.)  the  fpace  defcribed  by  the  former 
will  be  double  of  the  fpace  defcribed  by  the  latter.  Therefore  the  quantity  difcharged  out 
of  the  former  veflel,  will  be  double  of  the  quantity  difcharged  out  of  the  latter. 


PROP.  XV.  Aflream  of  any  fluid  which  fpouts  obliquely  forms  a 
parabola. 

Each  drop  in  a dream  of  fluid  fpouting  obliquely,  is  a heavy  body  proje&ed  obliquely 
by  the  force  or  preflure  which  drives  it  out  of  the  orifice.  Therefore  (by  Book  II.  Prop. 
LVIII.)  every  drop  of  the  dream,  that  is,  the.  whole  dream,  forms  a parabola. 

Exp.  Obferve  the  figure  formed  by  a fluid  fpouting  obliquely. 

Cor.  Hence  fluids  fpouting  obliquely  are  fubjedl  to  the  laws  of  proje&iles  laid,  down, 
' Book  II.  Ch.  VII.  Sett.  I. 


PROP.  XVI.  When  a fluid  fpouts  horizontally  from  an  orifice  in 
the  fide  of  a veflel  which  is  kept  full,  if  the  fide  of  the  veflel  is  made 
the  diameter  of  a circle,  and  a line  is  drawn  perpendicular  to  the  fide 
from  the  orifice  to  the  circumference,  the  diftance  to  which  the  fluid  will 
fpout  will  be  double  of  this  perpendicular. 
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Let  AB  be  the  fide  of  the  vefiel  ; C,  E,  or  c,  the  orifice  ; ADHB  the  femicircle  drawn 
on  the  fide,  ED,  CH,  i!e,  lines  drawn  perpendicular  to  the  fide  from  the  orifice  to  the  cir- 
cumference. The  fluid  (pouts  at  E (by  Prop.  XII L)  with  the  velocity  which  a heavy 
body  would  acquire  in  falling  from  A to  E ; and  this  motion,  being  in  an  horizontal  direc- 
tion, can  neither  be  accelerated  nor  retarded  by  the  force  q(  gravitation,  and  will  therefore 
continue  uniform.  But  befides  this,  the 'fluid  fpouts  with  the  velocity  which  it  acquires  in 
falling  after  it  lias  pafied  the  orifice.  This  velocity,  when  the  fluid  arrives  at  GB,  is  the 
fame  with  that  which  any  other  heavy  bady  would  have  acquired  in  falling  through  an 
equal  fpace  from  E to  B.  Let  this  velocity  be  called  the  defeending  velocity,  and  that  with 
which  the  fluid  fpouts  at  E the  horizontal  velocity.  Then,  fince  the  horizontal  velocity  is 
the  fame  with  that  which  a body  would  acquire  by, falling  from  A to  E,  and  the  defeending 
velocity  when  the  fluid  arrives  at  the  plane  GB,  is  the  fame  with  that  which  a body  would 
acquire  by  falling  from  E to  B,  and  fince  (by  Book  II.  Prop.  XXVI.)  the  fpaces  AE, 
EB,  deferibed  by  falling  bodies,  are  as  the  fquares  of  the  lafh  acquired  velocities  of  bodies 
falling  through  them  ; that  is,  (inverting  the  terms)  the  fquares  of  thefe  laft  acquired  veloc- 
ities, or  the  fquares  of  the  horizontal  and  defeending  velocities,  are  as  the  lines  AE,  EB. 
But  in  .the  triangle  ADB,.  right-angled  (El.  VI.  8.)  at  D,  DE  is  a mean  proportional  be- 
tween AE,  EB,  and  the  fquare  of  AE  is  to  the  fquare  of  ED,  as  AE  is  to  EB.  But  the 
fquare  of  the  horizontal  velocity  is  to  the  fquare  of  the  laft  defeending  velocity  as  AE  to 
EB.  Therefore  the  fquare  of  the  horizontal  velocity  is  to  the  fquare  of  the  laft  defeending 
velocity  as  the  fquare  of  AE.to  the  fquare  of  ED  ; whence  the  horizontal  velocity  is  to  the 
laft  defeending  velocity  as  AE  to  ED.  Now  the  fpaces  deferibed  in  the  fame  time,  in 
uniform  motions,  are  (Book  II.  Prop.  VI.)  as  the  velocities.  Confequently,  if  the  fluid 
had  begun  to  fall  from  E with  the  velocity  it  has  acquired  at  B,  and  had  fallen  uniformly, 
in  the  time  of  defeent  the  fpaces  deferibed  by  the  horizontal  and  defeending  velocities  would 
have  been  refpedlively  as  thofe  velocities,  that  is,  as  AE  to  ED.  Thus  while  the  fluid  was 
defeending  till  it  reached  the  plane  GB,  the  horizontal  velocity  would  have  carried  it 
forward  through  a fpace  equal  to  ED,  or  the  horizontal  diftance  would  be  ED.  But  the 
defeending  velocity  being  at  the  firft  nothing,  and  continually  increafing,  the  time  of  defeent 
(fee  Prop.  IX.)  is  twice  what  it  would  have  been  upon  the  fuppofition  that  it  began  to 
defeend  with  the  laft  acquired  velocity.  And  the  horizontal  velocity  is  uniform,  and  there- 
fore in  twice  the  time,  or  the  true  time  of  defeent,  the  fluid  will  be  carried  horizontally  to 
twice  the  diftance  ED.  Confequently,  if  BF  be  made  equal  to  twice  DE,  whilft  the  ftream 
is  defeending  from  E to  GB,  it  will  be  carried  forwards  to  the  point  F.  The  fame  may 
be  proved  concerning  any  other  points  C,  e. 


PROP.  XVII.  If  a fluid  fpouts  horizontally  out  of  orifices  in 
the  fide  of  a veflel  which  is  kept  full,  it  will  fpout  to  the  greateft 
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diftance  from  the  orifice  which  is  in  the  middle  of  the  fide,  and  to  equal 
diftances  from  orifices  equally  diftant  from  the  middle. 

Let  C be  the  orifice  in  the  middle  of  the  fide,  and  E,  e , equal  orifices  at  equal  diftances  Plate  5. 
from  C.  FiS-  “• 

The  diftance  to  which  the  fluid  will  fpout  at  C (by  Prop.  XVI.)  is  twice  CH,  and  at 
E twice  ED.  But  CH  (El.  111.  15.)  is  greater  than  DE,  any  line  drawn  from  the 
diameter  parallel  to  the  radius:  therefore  twice  CH  is  greater  than  twice  ED. 

Alfo,  fince  the  horizontal  diftances  to  which  the  fluid  will  fpout  at  E and  e,  are  twice 
ED,  or  ed ; and  that  ED,  ed , being  equally  diftant  from  the  centre,  and  parallel  to  the 
radius,  (El.  111.  14.)  are  equal  ; the  horizontal  diftances  from  E,  e , are  equal. 

Hence  if  in  the  plane  of  the  horizon,  GB  be  drawn  perpendicular  to  the  fide  AB,  and 
GB  be  double  of  CH,  and  FB  double  of  DE,  or  de}  the  fluid  fpouting.from  C will  fall 
upon  G,  and  from  E and  e , upon  F. 

Cor.  If  the  fide  of  the  jet  be  inclined,  in  any  angle  to  the  horizon,  and  the  direction, 
and  velocity  of  the  fpouting  fluid  be  known,  the  amplitude,  altitude,  and  time  of  flight, 
may  be  difeovered  by  the  rules  inveftigated  in  Book  II.  on  Proje&iles. 

Exp.  Let  water  fpout  from  the  middle  orifice,  and  from  orifices  equally  diftant  from  the 
middle,  the  truth  of  the  propofition  will  be  manifeft. 

Remark.  In  all  the  propofitions  refpedfing  the  times  in  which  veflels  empty  them- 
felves,  the  orifice  is  fuppofed  to  be  very  fmall  in  refpedt  to  the  bottom  of  the  veflel,  other- 
wife  the  experiments  do  not  agree  with  the  theory. 

Def.  II.  A river  is  a team  of  water  which  runs  by  its  own  weight 
down  the  inclined  bottom  of  an  open  channel. 

Def.  III.  feElion  of  a river  is  an  imaginary  plane,  cutting  the 
ftream,  which  is  perpendicular  to  the  bottom. 

Def.  IV.  A river  is  faid  to  fow  uniformly  when  it  runs  in  fuch  a 
manner,  that  the  depth  of  the  water  in  any  one  part  continues  always 
the  fame. 

PROP.  XVIII.  If  a river  flows  uniformly,  the  fame  quantity  of 
water  pafles  in  an  equal  time  through  every  fedtion. 

Let  AB  be  the  refervoir,  BC  the  bottom  of  the  river,  and  ZX,  QR,  feaions  of  the  plate  5. 
river.  Becaufe  the  river  flows  uniformly,  the  fame  quantity  of  water  which  pafles  through  F,S'  l$‘ 
ZX  in  a given  time  muft  p^fs  through  QR  in  the  fame  time:  otherwife  the  quantity  of 

water  ' 
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■water  in  the  fpace  ZQXR,  mud  in  that  time  be  increafcd  or  diminifhed,  and  confequently 
the  depth  of  the  water  in  that  fpace  altered  •,  contrary  to  the  fuppofition. 

Cor.  Hence  if  V,  D,  D,  be  the  velocity,  breadth,  and  depth  refpe&iyely,  V X B X D 

will  be  a given  quantity,  and  V will  vary  as 

PROP.  XIX.  The  breadth  of  the  channel  being  given,  the  water  in 
rivers  is  accelerated  in  the  fame  manner  with  any  body  moving  down  an 
inclined  plane. 

For  each  drop  of  the  water  moves  down  upon  the  inclined  plane  of  the  bottom,  or  upon 
the  inclined  plane  of  die  flieet  of  water,  next  below  it,  parallel  to  the  bottom. 

PROP.  XX.  The  breadth  of  the  channel  being  .given,  the  velocity  of 
each  drop  of  water  in  a river  is  the  fame  that  a body  would  acquire  in 
falling  from  the  level  of  the  furface  of  the  water  in  the  refervoir,  to  the 
place  of  the  drop. 

Let  AI3  be  the  depth  of  the  refervoir,  AP  the.  level  of  its  furface,  and  BC  the  bottom 
of  the  channel.  Any  drop  at  E,  after  it  comes  out  of  the  refervoir  at  K,  (by  Prop.  XIX.) 
rolls  down. the  inclined  plane  ICE,  parallel  to  the  bottom.  And  this  drop,  when  it  comes 
out  of  the  refervoir  AB  at  K (by  Prop.  XIII.)  has  the  fame  velocity  which  a heavy  body 
would  acquire  in  falling  from  A to  IC  : and,  in  rolling  down  the  inclined  plane  ICE,  it  ac- 
quires (by  Book  II. -Prop.  XXXIV.)  the  fame  velocity  which  any  heavy  body  would  ac- 
quire in  falling  down  GE  the  perpendicular  height  of  the  plane.  At  E the  dr-ep  will  there- 
fore have  acquired  a velocity  equal  to  that  which  a body  would  acquire  by  falling  through 
AIC  and  GE,  that  is,  through  MGE,  the  perpendicular  drawn  from  the  level  of  the  refer- 
voir to  the  place  of  the  drop. 

Cor.  i.  Hence  the  breadth  of  the  channel  being  given,  the  velocity  of  each  drop  of 
water  in  a river  is  as  the  fquare  root  of  its  diftance  from  the  level  of  the  furface  of  the 
Plate  5.  refervoir.  For,  if  E and  R be  two  drops  in. different  parts  of  the  river,  and  AP  the  level, 
the  velocity  of  the  drop  E is  the  fame  that  a body  would  acquire  by  falling  down  ME,  ancl 
that  of  R the  fame  which  a body  would  acquire  by  falling  down  HR.  Therefore  (by 
Book  II.  Prop.  XXVI.  Cor.  2.)  the  velocity  of  the  drop  E is  to  the  velocity  of  R,  as  the 
fquare  root  of  ME  to  the  fquare  root  of  HR. 

Cor.  2.  Hence  the  breadth  of  the  channel  being  given,  the  water  at  the  bottom  of  a 
river  will  run  falter  than  the  water  at  the  furface. 
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PROP.  XXI.  The  breadth  of  the  channel  being  given,  the  depth  of 
the  river  continually  decreafes  as  it  runs. 

The  fame  quantity  of  water  (by  Prop.  XVIII.)  pafles  through  each  of  the  fedlions  ZX, 
QR,  in  the  fame  time.  But  (by  Prop.  XX.  Cor.  2.)  the  water  runs  falter  at  the  lower 
fedlion  QR,  than  at  the  upper  ZX.  Therefore  the  area  of  the  fedlion  QR  mull  be  as 
much  lefs  than  the  area  of  the  fe£tion  ZX,  as  the  velocity  at  QR  is  greater  than  the 
velocity  at  ZX.  But  the  breadth  of  the  fedlions  are  by  fuppofition  equal  ; therefore  their 
areas  are  (El.  VI.  1.)  as  their  heights.  Confequently,  the  heights  of  the  fedlion  QR,  ZX, 
will  be  inverfely  as  the  velocities  at  thofe  fedlions  ; that  is,  the  depth  of  the  water  at  QR 
will  be  as  much  lefs  than  the  depth  at  ZX,  as  the  velocity  at  QR  is  greater  than  the  veloc- 
ity at  ZX. 

PROP.  XXII.  At  a given  diftance  from  the  refervoir,  if  the  river 
flows  uniformly,  the  velocity  of  the  water  will  be  inverfely  as  the  breadth 
of  the  channel.  r 

Becaufe  the  river  flows  uniformly,  the  depth  at  any  given  fedlion  ZX  is  always  the  fame  : 
and  in  any  given  time,  the  fame  quantity  of  water  mull  flow  through  the  different  fedlions 
ZX,  QR,  as  was  {hewn  in  Prop.  XVIII.  But  a given  quantity  of  water  cannot  flow  in  a 
given  time  through  any  fedtion,  unlefs  as  much  as  the  area  is  increafed,  fo  much  the  velocity 
is  diminifhed,  and  the  reverfe  *,  that  is,  the  velocity  mull  be  inverfely  as  the  area  of  the 
fedlion,  or  the  depth  being  given,  as  its  breadth. 

PROP.  XXIII.  The  depth  of  a river  being  given,  the  preflure  upon 
any  part  of  the  bank  will  be  the  fame,  whatever  is  the  breadth  of  the 
river. 

The  preflure  upon  any  given  part  in  the  bank  (by  Prop.  I.  and  III.)  will  be  as  the 
diftance  of  that  part  from  the  furface  ; which  remains  the  fame  whilft  the  depth  is  the 
fame,  whatever  be  the  breadth  of  the  river  : therefore  the  preflure  will  remain  the  fame. 

PROP.  XXIV.  If  the  breadth  of  a river  be  given,  the  preflure  on 
any  part  of  the  bank  will  be  as  the  depth  of  the  river. 

For  the  preflure  on  any  part  of  the  bank  is  (by  Prop.  I.  and  III.)  as  the  depth  of  that 
part  below  the  furface,  which  depth  will  increale  with  the  depth  of  the  river. 

PROP.  XXV.  The  preflure  againfl:  any  given  furface  in  the  bank  of 
a river,  if  that  furface  readies  from  the  bottom  to  the  top  oftheftream, 
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is  equal"  to  the  weight  of  a column-  of  water  whofe  bafe  is  the  furfacey 
and  whofe  height  is  half  the  depth  of  the  ftream. 

Let  ZQXR  be  a given  furface  in  the  bank,,  reaching  from  the  bottom  BC  of  the  river 
to  its  top  AD.  The  preffure  upon  this  is  (from  what  was  Ihewn  in  Prop.  IX.)  half  the 
preffure  on.  an  equal  furface  at  the  bottom  XR  ; which  preffure  (by  Prop.  I.  and  III.)  is 
equal  to  the  weight  of  a column  of  water  whofe  bafe  is  the  furface  ZQ^_,  and  whofe  height 
is  the  depth  of  the  ftream.  Therefore  the  preffure  againft  the  furface  ZQXR  is  equal  to 
the  weight  of  a column  whofe  bafe  is  the  furface  ZQ^  , and  its  height  half  the  depth  of  the 
ftream. 

PROP.  XXVI.  When  a fcream  which  moves  with  the  fame,  velocity 
in  every  part  ftrikes  perpendicularly  upon  any  obftacle,  the  force  with 
which  it  ftrikes  is  equal  to  the  weight  of  a column  of  the  fame  fluid, 
whofe  bafe  is  the  obftacle,  and  whofe  height  is  the  fpace  through  which 
a body  muft  fall  to  acquire  the  velocity  of  the  ftream. 

Let  a ftream  of  water  flow  horizontally  out  of  the  orifice  e.  If  this  ftream  were  to 
{trike  upon  an  obftacle  of  the  fame  breadth  every  way  as  the  orifice  or  ftream,  placed 
perpendicular  to  the  horizon,  the  ftream  muff  ftrike  upon  the  obftacle  with  its  whole  force. 
But  this  force  is  equal  to  the  weight  of  a column  of  water  whofe  bafe  is  e,  and  height  At. 
And  (by  Prop.  XIII;)  Ae  is  the  height  from  which  a body  muft  fall  to  acquire  the  velocity 
with  which'  the  ftream  fpouts  from  e.  Therefore  the  force  with  which  this  ftream  would 
ftrike  fuch  an  obftacle  is  equal  to  the  weight  of  a column  of  water  whofe  bafe  is  e,  and 
height  that  from  which  a body  muft  fall  to  acquire  the  velocity  of  the  ftream.  And  becaufe 
no  part  of  the  ftream,  however  broad,  can  ftrike  the  obftacle  except  fo  much  as  is  contained 
within  a feftion  equal  to  the  furface  of  the  obftacle,  no  other  part  of  the  ftream  is  to  be 
confidcred  in  eftimating  this  force.  It  is  alfo  manifeft,  that  if  the  ftream  flow  horizontally 
with  the  fame  velocity,  in  any  other  manner  than  through  an  orifice,  as  in  the  current  of  a 
ftream,  it  will  ftrike  an  obftacle  with  the  fame  force. 

PROP.  XXVII.  When  the  obftacle  is  given,  the  force  with  which  a 
ftream  ftrikes.  upon.it,  will  be  as  the  fquare  of. the.  velocity  with  which 
the  ftream  moves. , 

If  any  ftream  ftrikes  upon  a given  obftacle,  the  force  will  (by  Prop.  XXVI.)  be  equal  to 
the  weight  of  a column  of  water  whofe  bafe  is  the  obftacle,  and  whofe  height  is  equal  to 
the  fpace  through  which  a body  muft  fall  to  acquire  the  velocity  of  the  ftream.  Since 
then  the  bafe  is  given,  the  weight  will  be  as  the  height  of  fuch  a column.  But  the  fpaces 
through  which  bodies  fall  to  acquire  different  velocities  are.,  (by  Book  II.  Prop.  XXVI.) 
as  tire  fquares  of  thofe  velocities.  Therefore  the  height  of  this  column,  and  its  weight, 
arid  confcquently  the  force  of  the  ftream,  which  is  equal  to  this  weight,  will  be  as  the 
fquare  of  the  velocity  with  which  the  ftream  maves. 
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CHAP.  III. 

Of  the  Resistance  of  Fluids. 

PROP.  XXVIII.  If  a fpherical  body  is  moving  in  a given  fluid,  the 
refiftance  which  arifes  from  the  re-adion  of  the  particles  of  the  fluid  is, 
within  certain  limits  of  the  velocity,  as  the  fquare  of  the  velocity  with 
which  the  body  moves. 

A fpherical  body  moving  in  a given  fluid,  the  number  of  particles  which  it  will  meet 
with  in  a given  time  will  be  as  its  velocity  ; for  the  fpace  through  which  it  will  pafs  will 
be  as  its  velocity,  and  the  number  of  particles  it  will  meet  with  will  be  as  the  fpace  through 
which  it  pafles.  But  the  re-a£tion  of  the  particles  of  the  fluid,  and  confequently  the  re- 
fiftance, is  as  the  number  of  particles  or  quantity  of  matter  by  which  the  refiftance  is  made. 
Again,  if  a given  quantity  of  matter  is  to  be  moved,  the  moving  force  is  (by  Book  If. 
Prop.  IX.)  as  the  velocity  communicated ; and  the  refiftance  of  that  given  quantity  of 
matter  is  as  the  moving  force.  Therefore  the  refiftance  arifing  from  re-a£lion  in  a given 
number  of  particles  of  fluid  is  as  the  refpe&ive  velocities  with  which  they  are  moved  ; that 
is,  as  the  velocities  with  which  the  bodies  which  pafs  through  the  fluid  move.  The  refift- 
ance of  the  fluid  being  then  as  the  velocity  on  a double  account,  firft,  becaufe  the  number 
of  particles  moved  are  as  the  velocity  of  the  moving  body,  and  fecondly,  becaufe  the  re- 
fiftance of  a given  number  of  particles  is  as  the  velocity  of  the  moving  body  the  refiftance 
will  be  in  the  duplicate  ratio,  or  as  the  fquare  of  this  velocity. 

Schol.  In  very  fwift  motions,  the  refiftance  of  the  air  increafes  in  a greater  ratio ; 
(fee  Remark  to  Prop.  LVIII.  Book  II.)  and  in  other  fluids,  the  fame  confequence  would 
follow  for  the  fame  reafon,  with  refpeft  to  projected  bodies.  Befides,  the  greater  the  veloc- 
ity is,  the  lefs  will  be  the  preflfure  againft  the  back  of  the  body  which  will  caufe  a deviation 
in  the  law  of  refiftance. 

PROP.  XXIX.  When  a fpherical  body  moves  with  a given  velocity 
in  any  fluid,  the  refiftance  of  the  fluid  ariling  from  its  re-adtion,  will  be 
as  the  fquares  of  the  diameter  of  the  fpherical  body. 

A fpherical  body,  in  moving  through  a fluid,  difplaces  a cylindrical  column  of  that  fluid, 
the  height  of  which  is  the  fpace  which  the  fphere  defcribes,  and  its  bafe  a great  circle  of 
the  fpherical  body.  Becaufe  the  velocity  is  given,  the  fpace  defcribed  in  a given  time,  that 
is,  the  length  of  the  column  is  given  : whence,  the  quantity  of  fluid  in  the  column,  that  is, 
the  column  will  be  as  its  bafe,  A great  circle  of  the  fphere.  And  the  refiftance  which  the 
column  of  fluid  makes  by  rc-adlion  to  the  motion  of  the  fphere  will  be  as  its  quantity  of 
matter  : it  will  therefore  be  as  the  bafe  of  the  column,  or  as  the  great  circle  of  the  fphere, 
or  (El.  XII.  2.)  as  the  fquare  of  its  diameter. 
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PROP.  XXX.  If  two  unequal  homogeneous  fpheres  are  moving  in 
the  fame  fluid  with  equal  velocities,  the  greater  fphere  will  be  lefs  refitted 
in  proportion  to  its  weight,  than  the  leflfer  fphere. 

The  weights  of  fpheres,  or  their  folid  contents,  are  (El.  XII.  18.)  as  the  cubes  of  their 
diameters  : but  their  refiftances  (Prop.  XXIX.)  are  as  the  fquares  of  their  diameters  : and 
the  cubes  of  any  numbers  have  a greater  ratio  to  each  other  than  their  fquares.  Therefore 
the  ratio  of  the  weights  of  fpherical  bodies  is  greater  than  that  of  their  refiftances  in  a given 
fluid : that  is,  the  weight  of  the  greater  fphere  exceeds  the  weight  of  the  lefler,  more  than 
the  refiftance  of  a given  fluid  againft  the  former  exceeds  the  refinance  againtt  the  latter, 
provided  the  fpheres  are  moving  with  equal  velocities. 

Schol.  Hence  the  refinance  of  the  air  may  be  able  to  fupport  fmall  particles  of  fluid, 
but  unable  to  fupport  them  when  they  are  collected  into  larger  drops. 

PROP.  XXXI.  The  refiftance  of  a fluid  arifing  from  its  re-a£tion,  is 
as  the  fide  of  the  body  perpendicularly  oppofed  to  it. 

The  refinance  is  as  the  column,  or  quantity  of  fluid  removed  in  a given  time,  which,  as 
was  fliewn,  Prop.  XXIX.  is  as  the  bafe  of  the  column,  that  is,  as  the  fide  of  the  body  per- 
pendicularly oppofed  tu  it. 

PROP.  XXXII.  When  equal  fpheres  move  with  the  fame  velocity 
in  different  fluids,  the  refiftances  will  be  as  the  denfities  of  the  fluids. 

The  refinances  arifing  from  re-a£tion  are  as  the  momenta  communicated  to  the  fluid  in  a 
given  time,  that  is,  fince  the  fpheres  move  with  equal  velocities,  as  the  quantities  of  matter 
moved.  But,  becaufe  the  fpheres  are  equal,  the  bafes  of  the  columns  to  which  they  com- 
municate motion,  are  equal  j and  becaufe  the  fpheres  move  with  equal  velocity,  the  length 
of  the  columns  to  which  they  communicate  motion  are  equal.  Hence  the  columns  to  which 
motion  is  communicated,  having  their  bafes  and  heights  equal,  are  of  equal  magnitude  : 
and  confequently,  their  quantities  of  matter  are  as  their  denfities.  But  it  has  been  fhewn, 
that  their  momenta  and  refiftances  are  as  their  quantities  of  matter : therefore  their  refiftances 

are  as  their  denfities. 

Schol.  Plence  drops  of  water  may  be  fuftained  in  the  lower  parts  of  the  atmofphere, 
which  cannot  be  fuftained  in  the  higher. 


PROP.  XXXIII.  The  retardation  of  bodies  in  a refilling  fluid,  where 

the  weights  of  the  bodies  are  given,  is  as  the  refiftance  of  the  fluid. 
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The  more  a body  is  refilled  by  any  fluid  in  which  it  moves,  the  greater  portion  of  its 
momentum  is  deftroyed  ; but,  becaufe  the  weight  of  the  body  is  given,  its  momentum  is 
as  its  velocity  ; therefore  the  greater  the  refiftance  of  the  fluid,  the  greater  portion  of  its- 
velocity  is  deftroyed,  that  is,  the  more  it  is  retarded. 

PROP.  XXXIV.  When  the  refiftance  is  given,  the  retardation  is  in- 
verfely  as  the  weights. 

The  fame  refiftance  will  deftroy  an  equal  portion  of  momentum  whatever  is  the  weight 
©f  the  moving  body.  But  when  the  momentum  is  the  fame,  the  velocity  is  (by  Book  II. 
Prop.  XII.)  inverfely  as  the  quantity  of  matter.  Therefore  the  velocity  deftroyed,  on  the 
retardation,  will  be  inverfely  as  the  quantity  of  matter  in  the  body  in  which  the  momentum 
is  deftroyed : and  the  weight  is  as  the  quantity  of  matter  : therefore  the  retardation  is  in- 
verfely as  the  weight. 

PROP.  XXXV.  The  retardation  of  fpherical  bodies  moving  with 
equal  velocities  in  the  fame  fluid,  is  inverfely  as  their  diameters. 

The  refiftance  which  fpherical  bodies  meet  with  in  a given  fluid  is  (by  Prop.  XXIX.) 
as  the  fquare  of  their  diameter.  The  retardation,  when  the  weight  is  given,  is  (by  Prop. 
XXXIII.)  as  the  refiftance  : and  when  the  refiftance  is  given,  the  retardation  (by  Prop. 
XXXV.)  is  inverfely  as  the  weight,  that  is,  (El.  XII.  18.)  inverfely  as  the  cubes  of  the 
diameter.  Now,  when  unequal  fpheres  move  with  the  fame  velocity  in  the  fame  fluid,  the 
retardations  will  be  unequal,  both  becaufe  the  refiftances  are  unequal,  and  becaufe  the 
weights  are  unequal.  The  retardations  will  therefore  be  dire£lly  as  the  fquares  of  the 
diameters,  and  inverfely  as  the  cubes  of  the  diameters  : that  is  (compounding  thefe  ratios) 
inverfely  as  the  diameters. 

PROP.  XXXVI.  When  a body  moves  in  an  imperfect  fluid  which 
lias  tenacity,  or  the  parts  of  which  cohere,  the  refiftance  of  any  given 
portion  of  the  fluid  from  this  caufe,  is  inverfely  as  the  velocity  of  the 
body  : the  refiftance,  when  the  velocity  is  given,  is  as  the  quantity  of 
fluid  through  which  the  body  pafles  : and  the  refiftance  is  always  as  the 
time  during  which  the  body  moves  in  the  fluid. 

Cafe  i.  Suppofc  fuch  an  imperfect  fluid,  as  foft  clay,  divided  into  thin  plates  *,  each 
plate  having  a certain  portion  of  tenacity  will  continue  to  refill  the  body  during  the  whole 
time  in  which  it  is  palling  through  it  : the  refiftance  therefore  will  be  Icfs,  the  ftiorter 
time  the  body  takes  in  palling  through  it,  that  is,  the  greater  velocity  the  body  moves  with. 
And  this  is  true  concerning  every  plate  which  compofes  the  fluid.  Therefore  the  refiftance 
arifing  from  tenacity  in  a given  quantity  of  fluid,  is  inverfely  as  the  velocity  of  the  body 
which  pafles  through  it. 
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Cafe  2.  Again,  the  velocity  of  the  body  being  given,  the  refiftance  which  the  body  * 
meets  with,  from  what  has  been  faid,  is  alfo  given,  and  will  be  as  the  number  of  plates  or 
quantity  of  the  fluid. 

Cafe  3.  Laftly,  when  a body  moves  for  a given  time,  the  refiftance  (by  the  fecond  cafe) 
is  as  the  number  of  plates,  that  is,  as  the  fpace  through  which  it  pafles  in  a given  time, 
that  is,  (by  Book  II.  Prop.  VI.)  as  the  velocity  dire&Iy.  And  (by  the  firft  cafe)  the  re- 
fiftance is,  on  account  of  the  tenacity,  inverfely  as  the  velocity.  Therefore  as  much  as 
the  refiftance  is  increafed  on  account  of  the  velocity  in  one  refpeft,  fo  much  it  is  diminilhed 
on  account  of  the  velocity  in  another  ; and  confequently,  whatever  be  the  velocity  of  a 
body  in  fuch  a fluid,  the  refiftance  which  it  meets  with  in  a given  time  will  be  the  fame  : 
whence  this  refiftance  will  be  as  the  time  in  which  the  body  moves  in  the  fluid. 


CHAP.  IV. 

Of  the  Specific  Gravities  of  Bodies. 

■ 

Def.  V.  The  denfity  of  a body,  is  its  quantity  of  matter  when  the 
tulk  is  given. 

Def.  VI.  The  fpecific  gravity  of  a body,  is  its  weight  compared 
with  that  of  another  body  of  the  fame  magnitude. 

Cor.  1.  The  fpecific  gravity  of  a body  is  as  its  denfity.  For  the  fpecific  gravity  of 
a body  is  the  weight  of  a given  magnitude,  and  the  weight  of  a body  (by  Book  II.  Prop. 
XXIV.  Cor.)  is  as  its  quantity  of  matter  ; therefore  the  fpecific  gravity  of  a body  is  ajs 
the  quantity  of  matter  contained  in  a given  magnitude,  that  is,  as  its  denfity. 

Cor.  2.  The  fpecific  gravities  of  bodies  are  inverfely  as  their  magnitudes  when  their 
weights  are  equal.  For  by  the  laft  Cor.  the  fpecific  gravities  of  bodies  are  as  their  denfi- 
ties,  and  their  denfities  (from  Def.  I.)  are  inverfely  as  their  magnitudes  when  their  weights 
are  equal.  Therefore  the  fpecific  gravities  are  alfo  inverfely  as  their  magnitudes  when 
their  weights  are  equal. 

PROP.  A.  The  weight  of  a body  varies  as  its  magnitude,  and  fpe- 
cific  gravity  conjointly. 

For  if  the  magnitude  of  any  body  is  varied,  its  fpecific  gravity  remaining  the  fame,  the 
weight  mull  be  altered  in  the  fame  ratio.  And  if  the  fpecific  gravity  vary  while  its  magni- 
tude continues  the  fame,  the  weight  mult  alfo  vary  in  the  fame  ratio.  Therefore  the 
weight  muft  vary  as  the  magnitude  and  fpecific  gravity  conjointly. 


PROP. 


Cha-p.  IV.  OP  SPECIFIC  GRAVITIES. 

PROP.  XXXVII.  A fluid  fpecifieally  lighter  than,  another  fluid  will 
float  upon  its  furface. 

For  (by  Book  II.  Prop.  XXIV.)  the  lighter  fluid  will  be  lefs  powerfully  added  upon  by 
the  force  of  gravitation  than  the  heavier  ; whence,  the  heavier  will  take  the  lower  place. 

Exp.  i.  Let  a fmall  and  open  veflel  of  wine  be  placed  within  a large  veflel  of  water"; 
the  wine  will  afcend. 

2.  Let  mercury,  water,  wine,  oil,  fpirits  of  wine,  be  put  into  a phial  in  the  order  of 
their  fpecific  gravities  ; they  will  remain  feparate. 

PROP.  XXXVIII.  The  heights  to  -which  fluids,  which  pfefs  freely 
upon  each  other,  will  rife,  are  inverfely  as  their  fpecific  gravities. 

Since  (by  Prop.  VI.)  the  oppofite  parts  of  an  homogeneous  mafs  of  fluid,  in  a curved 
tube  or  channel,  prefs  equally  againft  each  other  when  they  rife  to  the  fame  height ; in 
order  to  preferve  the  preffure  equal  when  the  fluids  on  each  fide  are  different,  that  which- 
has  the  lead  fpecific  gravity,  mud  proportionally  rife  above  the  level  to  preferve  the  balance  j 
and  the  reverfe. 

Exp.  Into  the  longer  arm  of  a recurved  tube,  of  equal  bore  throughout,  and  open  at 
each  end,  pour  fuch  a quantity  of  mercury,  that  it  {hall  rife  in  each  arm  about  half  ah 
inch ; then  pour  water  into  the  longer  arm  till  the  mercury  is  railed  one  inch  above  its 
former  height  ; the  fpecific  gravities  of  thefe  fluids  will  be  inverfely  as  the  heights  to  which 
they  rife. 

PROP.  XXXIX.  The  force  with  which  a body  lighter  than  any 
fluid  endeavours  to  afcend  in  that  fluid,  is  as  the  excefs  of  the  fpecific 
gravity  of  the  fluid  above  the  folid. 

Since  ABCD,  the  fluid  in  a veflel,  will  be  at  red  (Prop.  IIL)  when  every  part  of  an 
imaginary  plane  SQ^,  under  the  furface  of  the  floating  body  ptei,  fudains  an  equal  preffure  ; 
if  the  folid  body  be  of  equal  fpecific  gravity  with  the  fluid,  that  is,  weighs  as  much  as  a 
quantity  of  the  fluid  equal  to  it  in  bulk,  and  whofe  place  it  takes  up,  this  imaginary  plane 
being  equally  preffed  by  the  folid,  as  if  the  fame  fpace  were  filled  with  fluid,  the  fluid  will 
be  at  red,  and  the  folid  will  neither  afcend  nor  defcend.-  Confequently,  if  the  body  be 
fpecifieally  heavier  than  the  fluid,  that  part  of  the  plane  which  is  directly  under  the  folid 
being  fo  much  more  prefled  than  the  other  equal  parts  of  the  fame  plane  as  the  folid  body  is 
fpecifieally  heavier  than  the  fluid,  the  body  mud  defcend  with  a force  equal  to  that  excefs  ; 
and,  on  the  contrary,  if  the  body  be  fpecifieally  lighter  than  the  fluid,  that  part  of  the  plane 
which  is  dire£fly  under  the  folid  being  fo  much  lefs  preffed  than  the  other  equal  parts  of  the 
fame  plane,  as  the  body  is  fpecifieally  lighter  than  the  fluid,  it  mud  be  buoyed  up  with  a 
force  equivalent  to  the  difference  of  their  fpecific  gravities. 
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OF  HYDROSTATICS.  Boo  k III. 

PROP.  XL.  Any;  fluid  prefles  equally  againfl:  the  oppofite  Tides  of  a 
folid  body  immerfed  in  it. 

The  oppofite  fides  of  the  folid  are  at  the  fame  depth  ; and  fluids  at  the  fame  depth  prefs 
equally.  Thus  the  oppofite  fides  RM,  SN,  of  any  body  immerfed  in  a veflel  of  water 
ABCD,  are  prefled  equally  by  the  furrounding  fluid. 

Cor.  No  motion  of  the  folid  will  be  produced  by  thefe  oppofite  lateral  preflures. 

PROP.  XLI.  A body  immerfed  in  a fluid  is  prefled  more  upwards 
than  it  is  downwards,  and  the  difference  of  thefe  two  preflures  is  equal 
to  the  weight  of  as  much  of  the  fluid  as  would  fill  the  fpace  which  the 
body  fills. 

The  body  MRNS  being  immerfed  in  the  veflel  of  water  ABCD,  its  lower  part  MN 
mud  be  prefled  upwards  juft  as  much  as  the  water  itfelf  at  the  fame  depth  MNT  would 
be  if  no  folid  were  immerfed.  Now  the  water  at  any  depth  (by  Prop.  III.)  is  prefled 
as  much  upwards  as  it  is  prefled  downwards.  And  at  the  depth  MNT,  the  portion  of 
this  ftratum  MN,  would,  if  the  folid  were  away,  be  prefled  downwards  by  a force  equal  to 
the  weight  of  the  incumbent  column  of  water  EMNH.  Therefore  the  force  with  which 
MN,  that  is,  the  lower  part  of  the  folid,  is  prefled  upwards,  is  equal  to  the  weight  of  as 
much  water  as  would  fill  the  whole  fpace  EHMN.  But  the  folid  body  RSMN  is  prefled 
downwards  by  the  weight  of  the  column  above  it  EHRS.  Therefore  the  difference  between 
the  two  preflures,  is  the  difference  of  the  weights  of  the  two  columns  of  water  EH  MN, 
and  EHRS  ; that  is,  the  upward  preflure  upon  the  folid  body  RSMN  exceeds  the  downward 
preflure,  by  a-  force  equal  to  the  weight  of  as  much  water  as  would  fill  the  fpace  RSMN, 
taken  up  by  the  folid  body.  The  cafe  will  be  the  fame  whatever  is  the  figure  of  the  body 
immerfed. 


PROP.  XLII.  A body  immerfed  in  a fluid,  if  it  is  fpecifically 
heavier  than  the  fluid,  will  fink. 


If  the  body  RSMN  is  fpecifically  heavier  than  the  fluid,  it  weighs  more  than  a quantity 
of  the  fluid  of  the  fame  bulk  with  it.  Hence  the  column  EHMN,  confiding  of  the  column 
of  fluid  EHRS  and  the  folid  body  RSMN,  is  heavier  than  the  fame  column  would  be  if  it 
confided  wholly  of  water.  But  the  upward  preflure  againft  MN  is  (by  Prop.  III.)  equal 
to  the  downward  preflure  of  the  column  of  water  EHMN,  and  therefore  only  fufficient  to 


fupport  the  weight  of  that  column.  It  cannot  then  fupport  the  weight  of  the  heavier 
column,  confiding  of  a fluid  and  a folid,  EHMN  •,  and  that  part  of  this  column  which  is 
fpecifically  heavier  than  the  fluid,  that  is,  the  folid,  will  fink,  with  a force  equal  to  the 
difference  of  the  weights  of  the  column  of  fluid  EHMN,  and  the  mixed  column  EHRS, 
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PROP.  XLIII.  A body  fpecifically  lighter  than  the  fluid  in  which 
it  is  immerfed,  will  rife  to  the  furface  and  fwirn. 

If  the  folid  RSMN  be  a body  fpecifically  lighter  than  water,  the  column  EHMN  will  Plate  ,r. 
weigh  lefs  as  it  confifts  of  the  column  of  water  EHRS  and  the  -folid  RSMN,  than  if  llfi‘ I?' 
it  confided  entirely  of  water.  Confequently,  the  upward  prefTure  upon  MN,  which  is 
equal  to  the  weight  of  the  column  of  water  EHMN,  will  be  equal  to  more  weight  than 
that  of  the  mixed  column  EHRS,  RSMN : and  therefore  the  lighter  part  of  this  column, 
that  is,  the  folid  body,  will  be  carried  upwards  with  a force  equal  to  the  difference  of  the 
•weights  of  the  column  of  fluid  EHMN,  and  the  mixed  column  EHRS,  RSMN. 


PROP.  XLIV.  A body  which  has  the  fame  fpeciflc  gravity  with 
the  fluid  in  which  it  is  immerfed,  v/ill  remain  fufpended  in  any  part  of 
the  fluid. 


The  body  RMNS  being  of  the  fame  fpecific  gravity  with  the  fluid,  the  column  EHMN 
preffes  downwards  with  the  fame  force,  whild  this  body  makes  a part  of  it,  as  if  the 
column  confided  wholly  of  water,  that  is,  with  a force  equal  to  the  upward  preffure  againd 
MN.  Therefore  the  body  RSMN,  having  its  lower  furface  MN,  and  in  like  manner, all 
-its  parts,  preffed  by  equal  forces  in  oppofite  directions,  will  remain  at  red. 

Exp.  Let  fmall  glafs  images  made  hollow,  and  of  fpecific  gravity  fomewhat  lefs  than 
water,  having  a fmall  orifice  to  receive  water,  fwim  in  a large  glafs  veffel  nearly  filled 
with  water  and  covered  over  clofely  with  a piece  of  bladder  : by  preding  the  bladder  with 
the  hand,  the  air  on  the  furface  is  comprefied  : this  preffure  is  communicated  to  the  air  in 
■the  images,  which  confequently  receive  a larger  portion  of  water,  and  become  in  fpecific 
gravity  as  heavy  as  the  water,  or  heavier,  and  either  float  in  the  water,  or  fink. 


Plate  ,<s 
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PROP.  XLV.  A body  fpecifically  heavier  than  the  fluid  in  which 
it  is  immerfed,  may  be  fupported  in  it  by  the  upward  preflure,  if  the 
prefliire  downward  be  taken  away : and  a body  fpecifically  lighter  than 
the  fluid  in  which  it  is  immerfed,  will  not  rife  in  the  fluid,  if  the  up* 
ward  prefliire  be  taken  away. 

For,  in  the  fird  cafe,  the  preffure  which  the  folid  RSMN  fudains  from  the  weight  of  the  plate  5. 
fluid  being  removed,  the  folid  may  prefs  downwards  with  a force  equal  to,  or  lefs  than,  that  of  *’>£•  *8* 
the  column  of  fluid  EHMN,  that  is,  than  that  with  which  it  is  preffed  upwards,  according 
to  the  degree  of  depth  in  the  fluid  at  which  the  folid  is  placed. 

In  the  fecond  cafe,  as  the  upward  preffure  againd  MN  is  diminiflied,  the  downward 
preffure  of  the  mixed  column  EHMN  becomes  equal  to,  or  greater  than,  the  upward 
preffure,  and  the  folid  will  cither  float  in  the  fluid,  or  fink. 
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Exp.  For  the  firft  part  of  the  propofitioa  fee  Prop.  III.  Exp.  2 and  5.  The  fecond 
part  may  be  thus  confirmed.  If  a plane  and  fmooth  piece  of  hardwood,  or  of  cprk,  be 
clofely  prefled  down  by  the  hand  upon  the  plane  and  fmooth  bottom  of  any  veflel,'  v/hilft 
mercury  is  pouring  into  the  veflel  ; upon  removing  the  preflure  of  the  hand,  the  downward 
preflure  of  the  mercury  will  prevent  the  wood  from  rifing. 

PROP.  XLVI.  If  a body  floats  on  the  furface  of  a fluid  fpecifically 
~~T  heavier  than  itfelf,  it  will  fink  into  the  fluid  till  it  has  difplaced  a portion! 
of  fluid  equal  in  weight  to  the  folid*. 

Bhtc  5.  Let  ptei  be  a body,  floating  on  a liquor  fpecifically  heavier  than  itfelf,  it  will  fink  into  it, 
Kl£-  i9-  till  the  immerfed  part,  rnci,  takes  up  the  place  of  fo  much  fluid  as  is  equal  to  it-  in  weight. 

For,  in  that  cafe,  ei,  that  part  of  the  furface  of  the  ftratum  upon  which  the  body  refts,  is 
prefled  with  the  fame  degree  of  force,  as  it  would  be,  was  the  fpace  rnei  full  of  -the  fluid  ; 
that  is,  all  the  parts  of  that  ftratum  are  prefled  alike,  and  therefore  the  body,  after  having 
funk  fo  far  into  the  fluid,  is  in  equilibrio  with  it,  and  will  remain  at  reft. 

Exp.  1.  Place  a cube  of  wood  on  a fmall  jar,  exactly  filled  with  water  ; .a  part  of  its 
bulk  will  be  immerfed,  and  will  difplace  a quantity  of  the  water  : take  the  cube  out  of  the 
'water,  and  put  it  into  a fcale,  with  which  an  empty  veflel  in  the  other  fcale  ftands  balanced  j 
then  pour  water  into  that  veflel  till  the  equilibrium  is  reftored  ; that  portion  of  water  will 
fill  up  the  jar  in  which  the  cube  was  placed. 

2.  Let  a glafs  jar,  with  a weight  fufficient  to  make  it  fink  in  water  to  about  two-thirda 
of  its  length,  be  placed  firft  in  a large  veflel  of  water,  and  afterwards  in  one  which  is  very 
little  wider  than  the  jar,  and  which  has  in  it  a fmall  quantity  of  water  ; the  jar  will  fmk  to 
the  fame  depth  in  both  veflels,  that  is,  till  fo  much  of  the  veflel  is  under  water  as  is  equal; 
in  bulk  to  a quantity  of  the  fluid  whofe  weight  is  equal  to  that  of  the  whole  veflel. 

Co?..  Hence  arifes  a rule  for  eftimating  the  fpecific  gravities  of  fluids  or  folids.  For, 
nnce  (by  this  Prop.)  the  weights  of  the  water  difplaced  and  of  the  folid  are  equal,  their 
fpecific  gravities  are  inverfely  as  their  magnitudes  ; that  is,  the  magnitude  of  the  water  dif- 
placed is  to  that  of  the  folid,  as  the  fpecific  gravity  of  the  folid  is  to  die  fpecific  gravity  of’ 
the  fluid  : or  (fince  the  part  immerfed  is  equal  in  magnitude  to  the  fluid  difplaced)  the  part 
immerfed  is  to  the  v/hole,  as  the  fpecific  gravity  of  the  folid  to  the  fpecific  gravity  of  the 
fluid.  Confequently,  the  greater  portion  of  any  given  folid  is  immerfed  in  any  fluid,  the  lefs 
is  the  fpecific  gravity  of  the  fluid  : and  with  refpedf  to  folids,  inverting  the  propofition,  as 
'the  whole  is  to  the  part  immerfed,  fo  is  the  fpecific  gravity  of  the  fluid  to  that  of  the  folid  : 
whence,  the  greater  portion  of  any  folid  is  immerfed  in  a given  fluid,  the  greater  is  its 
fpecific  gravity. 


PROP.  XLVII.  A folid  weighs  lefs  when  immerfed  in  a fluid  than 
in  open  air,  by  the  weight  of  a quantity  ef  the  fluid  equal  in  bulk  to 
the  folid. 
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If  the  body  immerfed  were  of  the  fame  fpecific  gravity  with  the  fluid  (by  Prop.  XLIV.) 
it  would  be  fupported  in  the  fluid  by  the  upward  preflure.  The  fluid  therefore  fuftains  fo 
much  of  the  gravity  of  the  body,  or  takes  away  fo  much  of  its  weight , as  is  equal  to  the 
weight  of  that  quantity  of  fluid  which  would  -fill  the  place  taken  up  by  the  body. 

Or  thus  ; A body  endeavours  to  defcend  by  its  whole  weight  ; but  ,(as  'was  (hewn. 
Prop.  XLI.)  when  it  is  immerfed  in  a fluid,  it  is  fupported  by  a force  equal  to  the  weight 
of  an  equal  bulk  of  that  fluid.  And  fince  thefe  two  forces  a£t  in  contrary  dire&ions,  the 
weight  which  the  body  retains  in  the  fluid  will  be  the  difference  between  them  ; that  is,  it 
weighs  as  much  lefs  in  the  fluid  as  in  the  air,  as  the  weight  of  a quantity  of  the  fluid  equal 
in  bulk  to  the  folid. 

Exp.  Having  provided  a folid  cylinder  of  lead  which  exactly  fills  a hollow  cylinder  of 
brafs,  place  in  one  fcale  the  hollow  cylinder  ; under  the  fame  fcale  fufpe  nd  by  a firing  the 
folid  cylinder,  and  balance  the  whole  by  weights  •,  then  immerfe  the  folid  cylinder  in  water, 
and  the  equilibrium  will  be  reftored  by  filling  up  the  hollow  cylinder. 

Remark.  In  ftriftnefs  both  the  folid  and  fluid  fiiould  be  weighed  in  vacuo.  The  error, 
however,  arifing  from  the  preflure  of  the  air  is  very  fmall,  and  may  be  neglefted,  unlefs 
where  the  body  to  be  weighed  is  very  light,  and  alfo  where  great  precifion  is  required. 

Cor.  i.  Hence  the  fpecific  gravities  of  different  fluids  may  be  compared,  by  obferving 
how  much  the  fame  folid  (fpecifically  heavier  than  the  fluids)  lofes  of  its  weight  in  each 
fluid  ; that  fluid  having  the  greateft  fpecific  gravity  in  which  it  lofes  moft  of  its  weight. 

Exp.  Let  a cubic  inch  of  wood,  made  fufficiently  heavy  to  fink  in  water,  be  immerfed 
fucceflively  in  different  fluids  ; it  will  difplace  a cubic  inch  of  the  fluid  in  which  it  is 
immerfed  ; and  fince  the  cube  (by  Prop.  XLVIII.)  weighs  lefs  in  the  fluid,  by  the  weight 
of  a quantity  of  the  fluid  equal  in  bulk  to  the  cube,  its  lofs  of  weight  will  be  the  weight  of 
a cubic  inch  of  the  fluid. 

Cor.  2.  The  weights  which  bodies  lofe  in  any  fluid  are  proportional  to  their  bulks. 

Exp.  i.  Two  balls  of  equal  bulk,  one  of  ivory,  the  other  of  lead,  will  lofe  equal  weight 
•in  water.  . 

2.  A piece  of  copper  and  a piece  of  gold  being  of  equal  weight  in  air,  the  gold  out- 
weighs the  copper  in  water. 

Cor.  3.  If  it  be  known  what  a cubic  inch  of  any  body  lofes  in  water,  the  folid  contents 
of  any  irregular  mafs  of  the  fame  kind  may  be  known,  by  obferving  how  much  more  or 
lefs  it  lofes,  than  a cubic  inch  would  lofe. 

Exp.  Weigh  a cubic  inch  and  any  irregular  piece  of  wood  of  the  fame  kind,  and  ob- 
ferve  the  difference  of  their  weights. 

Cor.  4.  The  weight  of  a folid  body  of  the  fame  fpecific  gravity  with  the  fluid,  or  of 
a portion  of  the  fluid  itfelf,  fufpended  in  the  fluid,  is  not  perceived,  bccaufe  this  weight  is 
fupported,  and  not  bccaufe  the  gravity  of  the  b,ody  is  loft  or  deftroyed* 
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PROP.  B.  If  a and  b be  the  fpecific  gravities  of  two  fluids  which  are 
to  be  mixed  together  ; A-  and  B their  magnitudes,  and  c the  fpecific 
gravity  of  the  compound  ; then  A : B : : b — c : c — a , provided  the 
magnitude  of  the  compound  is  equal  to  the  fum  of  the  magnitudes  o£‘ 
the  parts  when  feparatre. 

Since  (by-  Prop;  A.)  the  weights  of  bodies  are  as  their  magnitude  and-  fpecific  gravities 
conjointly,  the  weight  of  A=A  xoj  and  that  of  B=Bx^>  and  the  weight  of  the  com- 
pound— A 13  x c ; but  the  weight  of  the  compound  mud  be  equal  to  the  fum  of  the  weights 
of  the  two  parts,  A + B.x  <•'  = Axil  -j-B  x A, therefore  Ac  -J-  Be  = Aa  -f-  Bb  and  Ac — Acr=:Bb 
— Be,  confequently  A : B : : b — c : c — a. 

Exp.  Let  the  fpecific  gravity  (to  avoid  fraction  9)  of  gold  be  19;  of  filver  it,  and  of 
the  compound  14  •,  then  the  magnitude  of  the  filver  in  the  mixture,  is  to  that  of  the  gold  as 
19—14.:  14— 11  : : 5 : 3. 

CpR.  Hence  the  folution  of  that  problem  which  was  invefligated  by  Archimedes,  in 
order  to  detect  the  fraud  of  the  artift,  who,  . inftead  of  gold,  was  fufpedled  of  having  fub- 
ftituted  filver,  in  the  crown  of  Hiero,  king  of  Syracufe.  If  the  proportion  of  the  weights 
of  each  body  is  required,  the  ratios  of  their  magnitudes,  and  of  their  fpecific  gravities,  mud 
he  taken  conjointly  : in  this  cafe  the  weights  of  A and  B are  as  a x-b — c : b X c — o,  that  is, 
the  weight  of  the  filver,  is  to  that  of  the  gold  as  11x5  : 19  X 3 : 55  : 57.- 

Schol.  We  eafily  deduce  from  this  chapter  the  methods  of  obtaining  the  fpecific  gravi- 
ties of  any  bodies,  taking  rain  water  as  a flandard,  a.  cubic  foot  .of  which  being  uniformly 
found  to  weigh  1000  avoirdupoife  ounces. 

The  weight  which  a body  lofes  in  a.  fluid,  is  to- its  whole  weight,  as  the  fpecific  gravity 
of  the  fluid,  is  to  that  of  the  body  ■,  where  three  terms  of  the  proportion  being  given,  the 
fourth  is  eafily  found.  Ex.  If  a g.uiuea_weigh  in. air  129  grains,  and  in  being  immerfed  in 
water  lofe  7^  of  its  weight,  the  proportion  will  be  7^  : 129  : : 1000  to  the  fpecific  gravity 
of  a guinea.  By  this  method  the  fpecific  gravities  of  all  bodies  that  fink  in  .water  may  be 
found.  -4 

Cor.  1.  Hence  if  different  bodies  be  weighed  in  the  fame  fluid,  their  fpecific  gravities  will 
be  as  their  whole  weights  direftly,  and  the  weights  loft  inverfely. 

If  a body  to  be  examined  confift  of  fmall  fragments,  they  may  be  put  into  a fmall  bucket 
and  weighed  ; and  then- if  from  the  weight  of  the  bucket  and  body  in  the  fluid,  we  fubtratt 
the  weight  of. the  bucket  in  the  fluid,  there  remains  the  weight  of  the  body  in  the  fluid. 

Gor.  2.  If  the  fame  body  be  weighed  in  different  fluids,  the  fpecific  gravity  of  the  fluids 
will  be  as  the  weights  loft. 

Exp.  The  lofs-of  weight  fuftained  by  a glafs  ball  in  water  and  milk-  is  refpcdfively  803 
and  831  grains,  therefore  the  fpecific  gravity  of  water  is  to  that  of  milk  as  803  : 831,  that 
is,  as  i.ooo  : 1.034..  By-  the  fame  method,  the  fpecific  gravity  of  water  is  to  that  of  fpirits 
of- wine  aa.  1.000  to  .857. 
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TABLE  OF  SPECIFIC  GRAVITIES. 


Platina  (pure) 

- 

— 

23.OOO 

Ivory 

- 

-* 

- 

I.825- 

Fine  gold 

- 

- 

I9.64O 

Sulphur 

- 

- 

- 

I.8lC 

Standard  gold 

- 

- 

18.888 

Chalk 

- 

- 

- 

1 *793 

Mercury 

- 

- 

I4.OI9 

Calculus  humanus 

1 .54  2 

Lead 

- 

— 

II.325 

Lignum  vitse 

- 

- 

1.327 

Fine  filver 

- 

- 

I I.Op  I 

Coal 

- 

- 

- 

1.250 

Standard  filver 

- 

- 

1 °*53  5 

Mahogany 

- 

- 

- 

1.063 

Copper 

- 

- 

9.000- 

Milk  - 

- 

- 

- 

1.034 

Gun  metal 

- 

4m 

8.784 

Brazil  wood 

- 

- 

1 -°3 1 

Fine  brafs 

- 

- 

8-350 

Box  wood 

- 

- 

- 

1.030 

Steel 

- 

- 

O 

CO 

Rain  water 

- 

- 

l.OOO- 

Iron 

- 

- 

7.645 

Ice' 

--- 

- 

- 

.908 

Pewter 

■1- 

- 

7.471 

Living  men 

- 

- 

.891 

Calf  iron 

-- 

- 

7.425 

Afh 

- 

- 

- 

.800 

Loadftone 

- 

4-93°- 

Maple 

- 

- 

- 

•755' 

Diamond 

- 

- 

3*5 1 7 

Beech 

- 

- 

- 

.700 

White  lead 

- 

3 -l6° 

Elm 

a* 

- 

- 

.600 

Marble 

- 

- 

2.705 

Fir 

- 

- 

- 

.550 

Green  glafs 

- 

- 

2.600 

Cork 

- 

- 

- 

.240 

Flint 

— 

- 

2.570 

Common  air 

- 

- 

■ OO I 

Remark  i . The  above  table  fhews  the  fpecific  weights  of  the  various  fubftances  con- 
tained in  it,  and  the  abfolute  weight  of  a cubic  foot  of  each  body  is  afcertained  in  avoirdu- 
poife  ounces,  by  multiplying  the  number  oppofite  to  it  by  1000  : thus  the  weight  of  a 
cubical  foot  of  mercury  is  14019  ounces  avoirdupoife,  or  8761b. 

Remark  2.  If  the  weight  of  a body  be  known  in  avoirdupoife  ounces,  Its  weight  in 
Troy  ounces  will  be  found  by  multiplying  it  into  .91145.  And  if  the  weight  be  given  in 
Troy  ounces  it  will  be  found  in  avoirdupoife  by  multiplying  it  into  -1.0971. 

Remark  3.  Mr.  Robertfon,  late  librarian  to  the  Royal  Society,  was  the  gentleman 
who  invefligated  the  fpecific  gravity  of  living  , men,  in  order  to  know  what  quantity  of 
timber  would  be  fufficient  to  keep  a man  afloat  in  water,  fuppofing  that  molt  men  were 
fpecifically  heavier  than  river  water,  but  the  contrary  appeared  to  be  the  cafe  from  trials 
which  he  made  upon  ten  different  perfons,  whofe  mean  fpecific  gravity  was,  as  expreffed  in 
the  table,  0.891,  or  about  -Jth  lefs  than  common  water.  Phil.  Tranf.  Vol.  L. 

The  fcales  made  ufe  of  to  determine  the  fpecific  gravities  of  bodies,  are  called  the 
hylrojiatic  balance . 
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BOOK  III.  PART  IL 

OF  P NEUMATICS. 

CHAP.  L 

Of  the  Weight  and  Pressure  of  the  Air. 

Def.  The  Airy  or  Atmofphere , is  that  fluid  which  encompafles  the 
earth. 

PROP.  XLVIII.  The  air  has  weight. 

This  appears  from  experiment. 

Exp.  x.  The  air  being  exhaufted,  by  an  air-pump,  from  a glafs  receiver,  the  veflel  will 
be  held  fall  by  the  preflure  of  the  external  air. 

2.  Ifafmall  receiver  be  placed  under  a larger,  and  both  be  exhaufted,  the  larger  will 
be  held  fall,  whilft  the  fmaller  will  be  eafily  moved. 

3.  If  the  hand  be  placed  upon  a fmall  open  veflel,  in  fuch  a manner  as  to  clofe  its  upper 
orifice,  it  will  be  held  down  with  great  force. 

4.  The-  upper  orifice  of  an  open  receiver  being  clofely  covered  with  a piece  of  bladder, 
upon  exhaufting  the  receiver,  the  bladder  will  burft. 

5.  In  the  fame  fituation  a thin  plate  of  glafs  will  be  broken. 

6.  Let  a glafs  bulb,  having  a long  neck,  be  put,  with  the  neck  downwards,  into  a 
veflel  of  water  ; put  the  whole  under  a receiver,  and  exhauft  the  air  : on  re-admitting  the 
air,  its  preflure  upon  the  furface  of  the  water  in  the  veflel  will  caufe  the  water  to  rife  in  the 
bulb. 

7.  Pour  mercury  into  a wooden  cup,  clofely  placed  upon  the  upper  orifice  of  an  open 
receiver  : when  the  air  beneath  is  exhaufted,  the  preflure  of  the  external  air  will  force  the 
mercury  through  the  wood,  and  it  will  defcend  in  a fhower. 

8.  On  a transferrer  let  the  air  be  exhaufted  from  a long  receiver  ; then  let  water  be 
admitted  through  a pipe,  by  means,  of  a cock  ; the  water  will  rife  in  a jet  d’eau. 

y.  Condenfe  the  air  within  a globular  veflel,  having  a long  neck  by  blowing  through 
the  neck,  the  preflure  of  the  air  within  the  veflel  will  force  out  the  water. 

10.  The  glafs  bulb  and  veflel  (as  in  Exp.  6.)  being  placed  within  a condenfing  re- 
ceiver ; on  increafing  the  quantity  of  air  in  the  receiver,  the  fluid  will  rife  into  the  bulb. 

11.  The  quickfilver  in  the  gauge  of  the  condenfer  will,  by  the  increafing  preflure  of 
the  air,  be  forced  upwards  in  the  tube. 

12.  Any  quantity  of  air  may  be  transferred  from  one  veflel  to  another. 

13.  A thin  glafs  veflel,  of  a cubical  form  and  clofed  up,  may  be  broken  in  a condenfer. 

14.  Fill 
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14.  Fill  a glafs  tube,  about  3 feet  long  and  clofed  at  one  end,  with  mercury  ; then 
mfert  the  open  end  in  a veffel  of  mercury  ; the  mercury  will  remain  fufpended  in  the  tube, 
by  the  preffure  of  the  external  air  upon  the  fu-rface  of  the  mercury  in  the  veffel  : when  this 
prelTure  is  removed,  by  placing  the  tube  and  veffel  under  a receiver,  and  exhaulting  the  air, 
the  mercury  will  link  in  the  tube,  and  on  re-admitting  the  air,  will  rife. 

15.  If  the  fame  immerfed  tube  be  fufpended  from  the  beam  of  a balance,  the  weight 
neceffary  to  counterpoife  it,  exclufive  cf  the  weight  of  the  tube,  is  equal  to  that  of  the 
mercury  fuftained  in  the  barometer  by  the  preffure  of  the  atmofphere  : for,  the  weight  of 
the  column  of  air  incumbent  upon  the  tube  not  being  counterbalanced  by  the  contrary  preffure 
from  below,  which  is  employed  in  bearing  up  the  mercury  within  tire  tube,  mull  prefs  upon 
the  beam. 

16.  Let  a barometer  tube,  inftead  of  being  hermetically  fealed  at  the  top,  be  clofely 
covered  with  a piece  of  bladder  ; the  mercury  will  rile  to  the  fame  height  as  in  a common 
barometer  •,  and  on  piercing  the  bladder  with  a needle,  to  admit  the  air,  it  will  fall. 

Schol.  Hence  the  preffure  of  the  atmofphere  on  or  near  the  furface  of  the  earth  is- 
known  : the  weight  of  any  column  of  air  being  equal  to  the  weight  of  the  column  of  mer- 
cury, of  the  fame  diameter,  fupported  in  the  barometer.  And,  fince  the  height  of  this 
column  varies  with  the  weight  of  the  atmofphere,  the  varieties  in  the  weight  of  the  at- 
mofphere are  known  by  the  barometer.- 

18.  Let  the  air  be  exhaufted  from  a glafs  veffel,  and  by  means  of  a cock  let  the  veffel 
be  kept  exhaufted  ; weigh  the  veffel  whilft  it  is  exhaufted,  and  when  the  air  is  re -admitted  ; 
the  difference  is  the  weight  of  fo  much  air  as  the  veffel  contains  j which  difference  will  be 
about  324  grains  for  a thoufand  cubic  inches. 

PROP.  XLIX.  The  air  preffes  equally  in  all  directions. 

Exp.  1.  Let  a bladder,  filled  with  air,  be  placed  within  a condenfmg  receiver,  the  con- 
denfed  air  will  make  the  bladder  flaccid. 

2.  In  a tall  phial  let  an  orifice  be  made  about  3 inches  above  the  bottom  ; flop  this 
orifice  $ through  a cork  in  the  neck  of  the  phial  infert  a long  tube  open  at  each  end  ; and 
let  its  lower  end  be  below  the  orifice  in  the  fide  of  the  phial.  The  mouth  of  the  phial 
being  clofed  up  about  the  tube,  pour  water  into  the  tube  till  it  is  full.  Upon  opening  the 
orifice,  the  water  will  be  difcharged  till  its  furface  in  the  tube  is  level  with  the  orifice  ; after 
which  it  will  ceafe  to  flow,  becaufe  the  external  lateral  preffure  of  the  air  balances  the 
perpendicular  preffure  upon  the  water  in  the  tube. 

3.  If  a glafs  veffel  be  filled  with  water,  and  covered  with  a loofe  piece  of  paper,  on 
inverting  the  glafs,  the  water  will  be  kept  from  falling  by  the  upward  preflure  of  the  air. 

4.  If  a veffel  be  perforated  in  fmall  holes  at  the  bottom,  but  doled  at  the  top,  the  up- 
ward preffure  of  the  air  will  keep  the  water  within  the  veffel  \ as  will  appear  by  fucceflively 
flopping  and  unftopping  a fmall  hole  in  the  top  of  the  veffel. 

5.  Two  brafs  hemifpherical  cups  put  clofe  together,  when  the  air  between  them  is 
exhaufted,  will  be  preffed  together  with  confiderable  force. 

6.  A fyringe  being  faftened  to  a plate  of  lead,  ancl  the  pifton  of  the  fyringe  being 
drawn  upwards  with  one  hand,  whilft  the  lead  is  held  in  the  other,  the  air,  by  its  upward 

preffure, 
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preflure,  will  drive  back  the  fyringe  upon  the  pifton  : whereas,  if  the  loaded  fyringe  be 
luing  in  a receiver,  and  the  air  be  exhaufted,  the  fyringe  and  lead  will  defeend  ; but  upon 
re-admitting  the  air,  they  will  again  be  driven  upwards. 

7.  If  a thin  glafs  velTel,  whofe  aperture  is  clofed,  ba  placed  under  the  receiver  of  an 
air-pump,  and  the  air  exhaufted  from  the  receiver  ; the  veflel  will  be  broken  by  the  preflure 
,of  air  within. 

PROP.  L.  The  preffure  of  the  atmofphere  varies  at  different  altitudes. 

Exp.  Put  a glafs  tube,  open  at  both  ends,  through  a cork  into  a large  phial  containing  a 
{mail  quantity  of  coloured  water ; let  the  lower  end  of  the  tube  be  in  the  water  ; and  let  the 
cork  and  tube  be  clofely  cemented  to  the  neck  of  the  bottle.  Then,  blow  through  the  tube, 
■till  the  quantity  of  air  within  the  phial  is  fo  increafed,  that  the  water  will  rife  above  the  neck 
of  the  phial.  Let  this  phial  be  placed  in  a veflel  of  fand,  to  keep  the  air  within  of  the  fame 
temperature ; the  water  will  (land  at  different  heights  in  the  tube,  according  to  the  elevation 
of  the  place  where  it  is  placed : from  whence  it  appears,  that  the  preflure  of  the  atmofphere 
varies  at  different  altitudes. 

Cor.  Hence  the  proportion  of  the  fpecific  gravity  of  air  to  that  of  water  may  be  de- 
termined. If  the  difference  in  height  of  the  two  places  where  the  above  experiment  is  made 
be  -54  feet,  and  that  difference  caufe  a difference  of  -%  of  an  inch  in  the  height  of  the  water  ; 
it  follows,  that  a column  of  water  of  of  an  inch,  or  of  a foot,  is  equiponderant  to  a col- 
umn of  air  of  54  feet  having  the  fame  bafe  : therefore  the  gravity  of  air  to  that  of  water,  is 
as  54  to  tV,  or  864  to  1.  In  afeending  the  mountain  of  Snowden  in  Wales,  which  is  3720 
feet  perpendicular  height,  it  was  found  that  the  barometer  funk  3 inches  and  T95.  See  Art. 
Barometer,  Prop.  lvii. 

PROP.  LI.  The  force  with  which  the  wind  ftrikes  upon  the  fail  of  a 
fhip,  the  velocity  of  the  air,  and  the  dimenfion  of  the  fail  being  given,  will 
be  as  the  fquare  of  the  cofine  of  the  angle  of  incidence. 

Let  AD  reprefent  the  fail  of  a fliip,  with  its  edge  towards  the  eye  ; and  let  a circle  be 
drawn  upon  the  centre  IC ; whence  IC  will  be  the  middle  of  the  fail,  and  AD  its  length.  If 
the  wind  blows  perpendicularly  againft  the  fail,  all  the  air  included  within  the  fpace  FADG 
will  ftrike  upon  it.  But  if  the  fail  is  inclined  in  the  pofuion  BE,  all  the  air,  which  ftrikes 
upon  it,  is  included  within  the  fpace  HBEI. 

If  it  were  poflible  that  the  fail  fhould  be  ftruck  with  the  fame  quantity  of  air  in  the  per- 
pendicular pofition  AD  as  in  the  oblique  pofition  BE,  yet  the  quantity  of  the  oblique  ftroke 
would  be  to  the  quantity  of  the  direct  ftroke  (by  Book  II.  Prop.  XIX.)  as  the  coline  of  in- 
cidence to  the  radius,  that  is,  fince  (fuppofing  LK  drawn  parallel  to  BH,  the  direction  of 
the  wind,  and  BC  perpendicular  to  KL)  BKL  is  the  fupplement  of  the  angle  of  incidence 
LICE,  and  BL  its  cofine,  as  BL  to  AIC. 

Again,  if  it  were  pollible  that  the  oblique  ftroke  of  the  wind  upon  the  fail  BE  flrould  be 
fqual  to  the  direft  ftroke  upon  AD ; yet,  the  column  of  air  which  ftrikes  upon  the  fail 
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diredtly,  having  AD  for  its  bafe,  and  the  column  which  ftrikes  obliquely,  having  BC  for  its 
bafe,  the  quantity  of  air  which  ftrikes  obliquely,  is  to  that  which  ftrikes  diredlly,  as  BC  to 
AD,  that  is,  as  BL  to  AK ; but  the  velocities  in  either  cafe  are  fuppofed  to  be  the  fame : 
therefore  the  momenta,  or  forces  with  which  the  fails  are  ftruck  will  be  as  the  quantities  of 
matter,  that  is,  as  BL  the  cofine  of  incidence  to  AK  the  radius. 

Thus,  the  force  with  which  the  wind  ftrikes  the  fail  BE  obliquely,  is  to  the  force  with 
which  it  ftrikes  an  equal  fail  AD  directly,  as  BL  to  AK  on  two  accounts  firft,  becaufe  an 
oblique  ftroke  is  to  a direct  ftroke  in  this  ratio ; and  fecondly,  becaufe  the  quantity  of  air 
which  ftrikes  the  oblique  fail  is  to  that  which  ftrikes  the  diredt  one  in  the  fame  ratio.  Con- 
fequently,  upon  both  accounts  together,  the  oblique  force  is  to  the  direct  one  as  BL  x BL  to 
AK  x AK,  or  as  the  fquare  of  BL  the  cofine  of  incidence  to  the  fquare  of  AK  the  radius. 
But,  the  length  of  the  fail,  or  AD  being  given,  AK  the  radius  is  a given  quantity.  There- 
fore the  force  of  the  wind  in  different  obliquities  of  the  fail,  will  be  as  BL  the  fquare  of  the 
cofne  of  incidence. 


CHAP.  II. 

Of  the  Elasticity  of  the  Air. 

PROP.  LII.  The  air  is  an  elaftic  fluid,  or  capable  of  compreflion  and 
expanfion, 

Exp.  i . A blown  bladder,  preffed  with  the  hand,  will  return  into  the  form  which  it  had 
before  the  prefTure. 

2.  A flaccid  bladder,  put  under  a receiver,  when  the  external  air  is  exhaufted,  becomes 
extended  by  the  elafticity  of  the  internal  air. 

3.  A bladder  fufpended  within  the  receiver,  with  a fmall  weight  hanging  from  it  which 
touches  the  bottom,  when  the  external  air  is  exhaufted,  by  the  expanfion  of  the  internal  air, 
will  raife  the  weight. 

4.  The  bladder  being  put  into  a box,  and  a weight  laid  upon  the  lid,  the  weight,  on 
exhaufting  the  air,  will  be  lifted  up. 

5.  If  a tube,  clofed  at  one  end,  be  inferted  at  its  open  end  in  a veflel  of  water,  the  fluid 
in  the  tube  will  not  rife  to  the  level  of  the  water  in  the  veflel,  being  refilled  by  the  elaftic 
force  of  the  air  within  the  tube.  On  this  principle  the  diving  bell  is  formed. 

6.  If  a bladder  be  inclofcd  in  a glafs  veflel  fo  clofely  that  the  air  in  the  veflel  without 
the  bladder  cannot  efcape,  but  the  air  within  the  bladder  communicates  with  the  external 
air  through  the  neck  of  the  veflel  ; the  external  air  being  exhaufted,  the  bladder  will  be 
clofely  prefled  by  the  air  in  the  veflel  ; and  when  the  air  is  re-admitted,  the  bladder  will  be 
diftended. 

7.  A fhrivelled  apple,  under  an  exhaufted  receiver,  will  have  its  coat  diftended  by  the 
internal  air. 

8.  In  the  fame  Gtuation,  the  air  contained  in  a frefli  egg  will  expel  its  contents  from  an 
orifice  made  in  its  fmaller  end. 

9.  On  green  vegetables,  and  other  fubftances,  placed  in  a veflel  of  water  under  a receiver, 
whilft  the  air  is  exhaufting,  bubbles  will  be  railed  by  the  expanfion  of  the  internal  air. 

O 10.  Beer, 
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10.  Beer,  a little  warmed,  will,  from  the  fame  caufe,  whilft  the  internal  air  is  exhaufting, 
have  the  appearance  of  boiling. 

11.  Let  a cylindrical  piece  of  wood  (made  juft  fpecifically  heavier  than  water  by  fatten- 
ing to  it  a fmall  plate  of  lead)  be  placed  in  a veil'd  of  water  under  a receiver  •,  upon  exhauft- 
ing  the  air  the  wood  will  fwim  ; fome  particles  of  air  efcaping  from  the  wood,  and  hereby 
dimini  thing  its  fpecific  gravity. 

12.  The  bulb  inferted  in  a vefl'el  of  water  (as  in  Prop.  XLVIII.  Exp.  6.)  being  nearly 

filled  with  water  by  exhaufting  the  air,  on  its  readmiffion,  the  air  within  the  bulb,  by  its 

elafticity,  will  expel  the  water  from  the  bulb. 

13.  Place  a double  transferrer  upon  the  air-pump,  with  two  receivers,  exhauft  one 

receiver  •,  then  open  the  pipe  between  the  two  receivers  •,  and  the  air  in  the  unexhaufted  re- 
ceiver will,  by  its  elafticity,  be  in  part  driven  into  the  exhaufted  receiver  •,  and  both  re- 
ceivers will  have  equal  portions  of  air  ; but  this  air  will  be  rarer  in  both  than  the  external 

air  ; whence  both  the  receivers  will  be  held  fall  by  the  external  preflure-. 

PROP.  LIII.  The  elaftic  fpring  of  the  air  is  equivalent  to  the  force 
which  comprefles  it.- 

If  the  fpring  with  which  the  air  endeavours  to  expand  itfeli  when  it  is  comprefled  were 
lefs  than  the  comprefling  force,  it  would  yield  ftill  farther  to  that  force ; if  it  were  greater, 
it  would  not  have  yielded  fo  far.  Therefore,  when  any  force  has  comprefled  the  air  fo  thals 
it  remains  at  reft,  the  fpring  of  the  air  arifing  from  its  elafticity  can  neither  be  greater  nor 
lefs  than  this  force,  that  is,  rauft  be  equal  to  it. 

Exp.  Let  the  air  be  exhaufted  from  an  open  tube,  whofe  lower  part  is  inferted  in  a 
vefl'el  containing  a fmall  quantity  of  mercury,  and  let  the  air  within  the  vefl'el  be  prevented 
from  efcaping ; this  air,  by  its  elafticity,  will  force  the  mercury  up  the  tube  nearly  to  the 
height  to  which  it  would  be  raifed  by  the  preflure  of  the  atmofphcre. 

PROP.  LIV.  The  fpace  which  any  given  quantity  of  air  fills  is  in- 
verfely,  and  its  denfity  direTly,  as  the  force  which  comprefles  it. 

Exp.  Let  there  be  a bent  tube  of  the  form  nkg,  open  at  n and  elofed  at  g.  Let  a fmall 
portion  of  mercury  be  at  the  bottom  it.  Then  gi  is  filled  w-ith  air  comprefled  by  the  weight 
of  the  atmofphere,  equivalent  to  the  weight  of  a column  of  mercury  about  2 inches  in 
height.  If  more  mercury  be  poured  into  the  orifice  «,  the  weight  of  this  mercury  is  an 
additional  comprcffing  force  a£ting  upon  the  air  ig.  Since  (by  Prop.  V.)  the  columns  of 
equal  heights  Ik,  hi,  balance  each  other,  the  air  in  the  fpace  gi,  is  prefl'ed  both  by  the  weight 
of  the  atmofphere  and  the  column  ml.  If  therefore  ml  be  29!  inches,  the  air  in  gi  is  prefled 
with  double  the  weight  of  the  atmofphere,  or  with  two  atmofpheres  ; and  it  will  be  found, 
that  it  will  be  comprefled  into  the  fpace  gh,  half  the  fpace  which  the  fame  quantity  of  air 
took  up  when  it  was  prefl'ed  only  with  the  weight  of  the  atmofphere  : therefore  the  fpace  is 
inverfely  as  the  comprefling  force.  And  its  denfity  (Def.  V.)  is  inverfely  as  its  bulk,  or 
.the  fpace  filled  by  it.  Since  therefore,  both  the  comprefling  force  and  the  denfity  of  the  air 
are  inverfely  as  the  fpace,  the  denfity  muft  be  dire&ly  as  the  comprefling  force. 
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PROP.  LV.  The  air  confifts  of  particles,  which  repel  each  other 
with  forces  which  are  inverfely  as  the  diftances  between  their  centres. 

An  elaftic  fluid  equally  comprefibd  in  all  directions  mult  have  all  its  particles  at  equal 
diftances  from  each  other  : for  if  the  diftances  are  unequal,  where  it  is  the  leaft,  the  re- 
pelling force  will  be  greateft,  and  the  particles  will  move  towards  the  fide  where  there  is 
lefs  repulfion,  till  the  forces  become  equal,  that  is,  till  the  particles  are  equally  diftant,  or 
the  fluid  becomes  every  where  of  the  fame  denfity.  Suppofe,  then,  two  equal  cubes  of  air, 
A and  B ; it  is  manifeft,  from  the  nature  of  the  cube,  that  the  number  of  particles  in  the 
whole  mafs  A is  equal  to  the  cube  of  the  number  of  particles  in  the  line  de and,  in  like 
manner,  that  the  number  of  particles  in  the  mals  B is  equal  to  the  cube  of  the  number  of 
particles  in  the  line  hi.  And  the  denfity  of  thefe  two  equal  cubes  of  air  A and  B will  be  as 
the  number  of  particles  contained  in  them.  Therefore  the  denfity  of  the  cube  A is  to  the 
denfity  of  the  cube  B,  as  the  cube  of  the  number  of  particles  in  the  line  de  to  the  cube  of 
the  number  of  particles  in  the  line  hi.  But,  fince  thefe  lines  de,  hi,  are  of  a given  length, 
the  number  of  particles  in  each,  will  be  greater  as  the  diftances  between  their  centres  is  lefs, 
that  is,  will  be  inyerfeLy  as  thofe  diftances.  Whence,  the  cube  of  the  number  of  particles 
in  de,  hi,  will  be  inverfely  as  the  cube  of  the  diftance  between  their  centres.  And  it  has 
been  {hewn,  that  the  denfity  of  the  mafs  A is  to  the  denfity  of  the  mafs  B,  as  the  cube  of 
the  number  of  particles  in  de  to  the  cube  of  the  number  of  particles  in  hi.  Therefore  the 
denfity  of  A is  to  the  denfity  of  B,  inverfely  as  the  cube  of  the  diftance  between  the  centres 
jo f the  particles. 

Alfo,  in  compreffing  any  mafs,  A,  every  furface,  as  defy,  is  prefled  clofer  to  the  furface 
next  beyond  it.  And  the  repulfion  of  the  furface  defy  againft  the  furface  next  beyond  it 
will  be  (all  other  circumftances  being  equal)  as  the  number  of  repelling  particles  in  that 
furface,  that  is,  as  the  fquare  of  the  number  of  particles  in  the  line  de.  But  the  number  of 
particles  in  the  line  de  is  inverfely  as  the  diftance  between  their  centres.  Therefore  the 
fquare  of  the  number  of  particles  in  de,  that  is,  the  number  of  repelling  particles  in  the 
furface  defy,  that  is,  the  repulfion  of  this  furface  againft  the  next  beyond  it,  is  inverfely  as 
the  fquare  of  the  diftance  between  the  particles.  Again,  where  the  number  of  particles  in 
each  furface  is  given,  if  it  be  fuppofed  that  the  particles  repel  each  other  with  a force  which 
is  inverfely  as  the  diftance  between  their  centres,  fince  the  furfaces  are  at  the  fame  diftance 
from  each  other  with  the  particles  which  compofe  them,  the  repulfion  of  the  furfaces  mult 
be  in  the  fame  ratio.  Thus,  the  repulfion  in  the  mafs  A is  to  that  in  the  mafs  B,  inverfely 
as  the  diftances  of  the  particles,  if  only  their  approach  to  each  other  be  confidered.  And 
it  has  been  fhewn  that  the  repulfion  is  inverfely  as  the  fquare  of  thefe  diftances,  if  only  the 
number  of  particles  be  confidered.  Therefore  on  both  accounts  taken  together,  the  repul- 
Jfion  is  inverfely  as  the  cube  of  the  diftance  of  the  particles.  And  (by  Prop.  LI1I.)  the 
comprefiion  is  as  the  repulfion  : therefore  the  comprcffion  is  inverfely  as  the  cube  of  the 
diftance  of  the  particles. 

Now  it  was  fhewn  above,  that  the  denfity  of  A is  to  the  denfity  of  B inverfely  as  the 
cube  of  the  diftance  of  the  particles.  Therefore,  when  a fluid  confifts  of  particles  which 
repel  each  other  with  forces  inverfely  as  the  diftances  between  the  centres  of  the  particles, 
the  denfity  of  the  fluid  will  be  as  the  comprefting  force.  But  it  was  {hewn  (Prop.  LIV.) 
that  the  denfity  of  the  air  is  as  the  compreffing  force.  Therefore  the  air  confifts  of  particles 

which  repel  each  other  with  forces  which  arc  inverfely  as  the  diftances  between  their  centres. 

a Schol. 


Plate 

Fig. 


OF  PNEUMATICS,  Book  III.  Past  II. 

SchoL.  From  the  doCtrine  of  the  elafticity  of  the  air,  the  phenomena  of  Sound  may- 
be explained. 

When  the  parts  of  an  elaflic  body  are  put  into  a tremulous  motion,  by  percuflion,  or 
the  like,  as  long  as  the  tremors  continue,  fo  long  is- the  air  included  in  the  pores  of  that 
body,  and  likewife  that  which  prefles  upon  its  furface,  afteCted  with  the  like  tremors  and 
agitations.  Now,  the  particles  of  air  being  fo  far  comprefied  together  by  the  weight  of  the 
incumbent  atmofphere  as  their  repulfive  forces  permit,  it  follows,  that  thofe  which  are 
immediately  agitated  by  the  reciprocal  motions  of  the  particles  of  the  elaftic  body,  will,  in 
their  approach  towards  thofe  which  lie  next  them,  impel  thefe  alfo  towards  each  other,  and 
hereby  caufe  them  to  be  more  condenfed  than  they  were  by  the  weight  of  the  incumbent 
atmofphere,  and  in  their  return  will  fufFer  them  to  expand  themfelves  again  : hence  the  like 
tremors  and  agitations  will  be  propagated  to  them  ; and  fo  on,  till  having  arrived  at  a certain 
diftance  from  the  body,  the  vibrations  ceafe,  being  gradually  deftroyed  by  a continual  fuc- 
ceffive  propagation  of  motion  to  frefh  particles  of  air  throughout  their  progrefs. 

Thus  it  is  that  found  is  communicated  from  a tremulous  body  to  the  organ  of  hearing. 
Each  vibration  of  the  particles  of  the  founding  body  is  fuccefllvely  propagated  to  the  parti- 
cles of  the  air,  till  it  reaches  thofe  which  are  contiguous  to  the  tympanum  of  the  ear,  (a  fine 
membrane  di (tended  acrofs  it)  and  thefe  particles,  in  performing  their  vibrations,  impinge 
upon  the  tympanum,  which  agitates  the  air  included  within  it  ; which  being  put  into  a like 
tremulous  motion,  affe&s  the  auditory  nerve,  and  thus  excites  in  the  mind  the  fenfation  or 
idea  of  what  we  call  found. 

Now,  fince  the  repulfive  force  of  each  particle  of  air  is  equally  diffufed  around  it  every 
way,  it  follows,  that  when  any  one  approaches  a number  of  others,  it  not  only  repels 
thofe  which  lie  before  it  in  a right  line,  but  the  reft  laterally,  according  to  their  refpeCtive 
fituations  that  is,  it  makes  them  recede  every  way  from  itfelf,  as  from  a centre.  And 
this  being  true  of  every  particle,  the  tremors  will  be  propagated  from  the  founding  body  in 
all  directions,  as  from  a centre  : and  further,  if  they  are  confined  for  fome  time  from  fpread- 
ing  themfelves  by  palling  through  a tube,  or  the  like,  will,  when  they  have  pafled  through 
it,  fpread  themfelves  from  the  end  in  every  direction.  In  like  manner,  thofe  which  pafs 
through  a hole  in  an  obftacle  they  meet  with  in  their  way,  will  afterwards  fpread  them- 
felves from  thence,  as  if  that  was  the  place  where  they  began  ; fo  that  the  found  will  be 
heard  in  any  fituation  whatever,  that  is  not  at  too  great  a diftance. 

The  utmoft  diftance  at  which  found  of  any  kind,  has  been  heard  is  about  200  miles,  which  is 
faid  to  have  been  obferved  in  the  war  between  England  and  Holland,  in  the  year  1672.  The 
watch  word,  All's  well,  given  at  New  Gibraltar,  was  heard  at  the  Old,  a diftance  of  12 
miles.  In  both  thefe  cafes,  the  found  pafled  over  water,  which  with  refpeCt  to  conducting 
found,  is  of  the  greateft  confequence.  By  an  experiment  made  on  the  river  Thames,  a 
perlon  was  heard  to  read  diftinCtly  at  the  diftance  of  140  feet  on  the  water,  on  land  at  that 
of  76  : in  the  latter  cafe  no  noife  intervened,  but  in  the  former  there  was  fome  occafioned 
by  the  flowing  of  the  water  againft  the  boats.  Watermen  obferve,  that  when  the  water  is 
ftill,  the  weather  calm,  and  no  noife  intervene,  a whifper  may  be  heard  acrofs  the  river. 
After  water,  ftone  may  be  reckoned  the  bell  conductor  of  found.  Brick  has  nearly  the  fame 
properties  as  ftone. 

Since  the  repulfive  force  with  which  the  particles  of  air  aCl  upon  each  other,  is  recipro- 
cally as  their  diftances  (by  Prop.  LV.)  it  follows,  that  when  any  particle  is  removed  out  of 
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its  place  by  the  tremors  of  a founding  body,  or  the  vibrations  of  thofe  which  are  contiguous 
to  it,  it  will  be  driven  back  again  by  the  repulfive  force  of  thofe  towards  which  it  is  im- 
pelled, with  a velocity  proportional  to  the  diftance  from  its  proper  place,  becaufe  the  velocity 
vrill  be  as  the  repelling  force.  The  confequence  of  this  is,  that,  let  the  diftance  be  great  or 
final],  it  will  return  to  its  place  in  the  fame  time  5 for  the  time  a body  takes  up  in  moving 
from  place  to  place  will  always  be  the  fame,  whilft  the  velocity  it  moves  with  is  proportional 
to  the  diftance  between  the  places.  The  time  therefore  in  which  each  vibration  of  the  air 
is  performed,  depends  on  the  degree  of  repulfion  in  its  particles,  and  fo  long  as  that  is  not 
altered,  will  be  the  fame  at  all  diftances  from  the  tremulous  body  : confequently,  as  the 
motion  of  found  is  owing  to  the  fucceflive  propagation  of  the  tremors  of  a founding  body 
through  the  air,  and  as  that  propagation  depends  on  the  time  each  tremor  is  performed  in,  it 
follows,  that  the  velocity  of  found  varies  as  the  elafticity  of  the  air,  but  continues  the  fame 
at  all  diftances  from  the  founding  body. 

The  velocity  of  found,  according  to  Mr.  Derham,  is  at  the  rate  of  1142  feet  in  a fecond 
of  time.  Hence,  with  a ftop  watch,  may  be  eafily  eftimated  the  diftance  of  thunder,  for  by 
multiplying  the  number  of  feconds  between  the  flafh  and  clap  of  thunder  by  1142,  the 
diftance  is  given  in  feet.  Or  thus,  perl'ons  in  good  health  have  about  75  pulfations  at  the 
wrift  in  a minute,  confequently  in  75  pulfations,  found  flies  about  13  miles,  that  is,  one 
mile  in  about  fix  pulfations.  Example.  On  feeing  the  flafti  of  a gun  at  fea,  54  pulfations  at 
the  wrift  were  counted  before  the  report  was  heard,  confequently  the  diftance  of  the  ftiip  is 
5^4  = 9 miles. 

Moreover,  fince  the  undulatory  motion  of  the  air,  which  conftitutes  found,  is  propagated 
in  all  directions  from  the  founding  body  ; it  will  frequently  happen,  that  the  air,  in  perform- 
ing its  vibrations,  will  impinge  againft  various  objects,  which  will  refleft  it  back,  and  fo 
caufe  new  vibrations  the  contrary  way  ; now,  if  the  objedts  are  fo  fituated,  as  to  reflect  a 
fufficient  number  of  vibrations  back  to  the  fame  place,  the  found  will  be  there  repeated  and 
is  called  an  echo.  And,  the  greater  the  diftance  of  the  objefts  is}  the  longer  will  be  the  time 
before  the  repetition  is  heard.  And  when  the  found  in  its  progrefs  meet  with  objects,  at 
different  diftances,  fufficient  to  produce  an  echo,  the  fame  found  will  be  repeated  feveral 
times  fucceffively,  according  to  the  different  diftances  of  thofe  obje&s  from  the  founding 
body  ; which  makes  what  is  called  a repeated  echo.  Echoes  repeat  more  by  night  than  in. 
the  day. 

If  the  vibrations  of  the  tremulous  body  are  propagated  through  a long  tube,  they  will  be 
continually  reverberated  from  the  fides  of  the  tube  into  its  axis,  and  by  that  means  prevented 
from  fpreading,  till  they  get  out  of  it  5 whereby  they  will  be  exceedingly  increafed,  and  the 
found  rendered  much  louder  than  it  would  otherwife  be ; as  in  the  Speaking  Trumpet. 

The  difference  of  mufical  tones  depend  on  the  different  number  of  vibrations  communi* 
eated  to  the  air,  in  a given  time,  by  the  tremors  of  the  founding  body  ; and  the  quicker  the 
fucceffion  of  the  vibrations  is,  the  acuter  is  the  tone,  and  the  reverfe. 

PROP.  LVI.  The  elafticity  of  air  is  increafed  by  heat. 

Exp.  To  the  bottom  of  a hollow  glafs  ball  let  an  open  bended  tube  be  affixed.  Let  the 
lower  part  of  the  bended  tube  and  part  of  the  ball  be  filled  with  mercury  : the  external  fur- 
face  will  be  preffed  by  the  weight  of  the  atmofphere  5 and  the  internal  furface  will  be  equal- 
ly 
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Jy  prefled  by  the  fpring  of  the  air  inelofed  within  the  veil'd.  If  the  ball  be  immerfed  in  boil- 
ing water,  the  increafed  elafticity  of  the  included  air  will  raife  the  mercury  in  the  fmall  tube. 
The  fame  may  be  Ihewn  by  immerfing  in  boiling  water  a tube,  clofed  at  one  end,  into  which 
a fmall  quantity  of  mercury  has  been  admitted,  inclofmg  a portion  of  air  within  the  tube. 

Schol.  i.  The  Wind  is  no  other  than  the  motion  of  the  air  upon  the  furface  of  the 
globe.  The  principal  caufe  of  the  wind  is,  that  the  atmofphere  is  heated  over  one  part  of 
the  earth  more  than  over  another.  For,  in  this  cafe,  the  warmer  air  being  rarefied,  becomes 
fpecifically  lighter  than  the  reft  ; it  is  therefore  overpoifed  by  it  and  raifed  upwards,  the  up- 
per parts  of  it  diffufing  themfelyes  every  way  over  the  top  of  the  atmofphere  ; while  the 
neighbouring  inferior  air  rufhes  in  from  all  parts  at  the  bottom  ; which  it  continues  to  do, 
till  the  equilibrium  is  reftored.  Upon  this  principle  it  is,  that  moft  of  the  winds  may  be  ac- 
counted for. 

Under  the  Equator. , the  wind  is  always  obferved  to  blow  from  the  eaft  point.  For,  fup- 
pofing  the  fun  to  continue  vertical  over  fome  one  place,  the  air  will  be  more  rarefied  there  ; 
and  confequently,  the  neighbouring  air  will  rufli  in  from  every  quarter  with  equal  force. 
But,  as  the  fun  is  continually  fhifting  to  the  weftward,  the  part  where  the  air  is  moft  rarefi- 
ed, is  carried  the  fame  way;  and  therefore  the  tendency  of  all  the  lower  air,  taken  together, 
is  greater  that  way,  than  any  other,  Thus  the  tendency  of  the  air  towards  the  weft,  be- 
comes general,  and  its  parts  impelling  one  another,  and  continuing  to  move  till  the  next  re- 
turn of  the  fun,  fo  much  of  its  motion,  as  was  loft  by  his  abfence,  is  again  reftored,  and 
therefore  the  eafterly  wind  becomes  perpetual. 

On  each  fide  of  the  Equator,  to  about  the  thirtieth  degree  of  latitude,  the  wind  is  found  to 
vary  from  the  eaft  point,  fo  as  to  become  north-eaft  on  the  northern  fide,  and  fouth-eaft  on 
the  fouthern.  The  reafon  of  which  is,  that,  as  the  equatorial  parts  are  hotter  than  any  other, 
both  the  northern  and  fouthern  air  ought  to  have  a tendency  that  way  ; the  northern  cur- 
rent, therefore,  meeting  in  this  paflage  with  the  eaftern,  produces  a north-caft  wind  on  that 
fide ; as  the  fouthern  current,  joining  with  the  fame,  on  the  other  fide  the  Equator , forms  a 
foath-eaft  wind  there. 

This  is  to  be  underftood  of  open  feas,  and  of  fuch  parts  of  them  as  are  diftant  from  the 
land  •,  for  near  the  fhores,  where  the  neighbouring  air  is  much  rarefied,  by  the  reflettion  of 
the  fun’s  heat  from  the  land,  it  frequently  happens  otherwife ; particularly  on  the  Guinea 
coaft,  the  wind  always  fets  in  upon  the  land,  blowing  wefterly  inftead  of  eafterly.  This 
is  becaufe  the  defarts  of  Africa  lying  near  the  Equator,  and  being  a very  fandy  foil,  refledt 
a greater  degree  of  heat  into  the  air  above  them ; which  being  thus  rendered  lighter  tharj 
that  which  is  over  the  fea,  the  wind  continually  rufhes  in  upon  the  land  to  reftore  the 
equilibrium. 

That  part  of  the  ocean,  which  is  called  the  Rains,  is  attended  with  perpetual  calms,  the 
wind  fcarcely  blowing  fenfibly  either  one  way  or  other.  For  this  traft  being  placed  between 
the  wefterly  wind  blowing  from  the  ocean  towards  the  coaft  of  Guinea,  and  the  eafterly 
wind  blowing  from  the  fame  coaft  to  the  weftward  thereof,  the  air  ftands  in  equilibrio 
between  both,  and  its  gravity  is  fo  much  diminifhed  thereby,  that  it  is  not  able  to  fupport 
the  vapour  it  contains,  but  lets  it  fall  in  continual  rain,  from  whence  this  part  of  the  ocean 
has  its  name. 
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There  is  a fpecies  of  winds,  obfervable  in  fome  places  within  the  Tropics , called  by  the 
failors  Monfoons,  or  Trade  Winds,  which,  during  fix  months  of  the  year,  blow  one  way; 
and  the  remaining  fix  the  contrary.  The  occafion  of  them  in  general  is  this  : when  the 
fun  approaches  the  northern  Tropic , there  are  feveral  countries,  as  Arabia,  Perfia , India,  &c. 
which  become  hotter,  and  refle£t  more  heat  than  the  feas  beyond  the  Equator , which  the 
fun  has  left  ; the  winds  therefore,  inftead  of  blowing  from  thence  to  the  parts  under  the 
Equator , blow  the  contrary  way  : and  when  the  fun  leaves  thofe  countries,  and  draws  near 
the  other  Tropic,  the  winds  turn  about,  and  blow  on  the  oppofne  point  of  the  compafs. 

From  the  folution  of  the  general  trade  winds,  we  may  fee  the  reafon,  why  in  the  Atlantic 
ocean,  a little  on  this  fide  the  thirtieth  degree  of  north  latitude,  there  is  generally  a weft, 
or  fouth-weft  wind.  For,  as  the  inferior  air,  within  the  limits  of  thofe  winds,  is  conftantly 
rufhing  towards  the  Equator,  from  the  north-eaft  point,  or  nearly  fo,  the  fuperior  air  moves 
the  contrary  way  ; and  therefore,  after  it  has  reached  thefe  limits,  and  meets  with  air,  that 
lias  little  or  no  tendency  to  any  one  point  more  than  to  another,  it  will  determine  it  to 
move  in  the  fame  direction  with  itfelf. 

In  our  own  climate,  we  frequently  experience,  in  calm  weather,  gentle  breezes  blowing 
from  the  fea  to  the  land,  in  the  heat  of  the  day  : which  phenomenon  is  very  agreeable  to 
the  principle  laid  down  above  : for  the  inferior  air  over  the  land  being  rarefied  by  the  beams 
of  the  fun,  reflected  front  its  furface,  more  than  that  which  impends  over  the  water,  the 
latter  is  conftantly  moving  oh  to  the  fhore,  in  order  to  reftore  the  equilibrium,  when  not 
difturbed  by  ltrongef  winds  from  another  quarter. 

From  what  has  been  obferved,  nothing  is  more  eafy  than  to  fee,  why  the  northern 
■and  fouthern  parts  of  the  world,  beyond  the  limits  of  the  trade  winds,  are  fubjeiT  to  fuch 
variety  of  winds.  For  the  air,  upon  account  of  the  lefler  influence  of  the  fun  in  thofe 
parts,  being  undetermined  to  move  towards  any  fixed  point,  is  continually  fhifting  from 
place  to  place,  in  order  to  reftore  the  equilibrium,  wherever  it  is  deftroyed,  by  the  heat  of 
the  fun,  the  rifing  of  vapours  or  exhalations,  the  melting  of  fnow  upon  the  mountains,  or 
other  circumftances. 

Exp.  Fill  a large  dim  with  cold  water  ; into  the  middle  of  this  put  a water-plate,  filled 
with  warm  water.  The  firft  will  reprefent  the  ocean  ; and  the  other  an  ifland,  rarefying 
the  air  above  it.  Blow  out  a wax  candle,  and  if  the  place  be  ftill,  on  applying  it  fuccefiively 
to  every  fide  of  the  difh,  the  fmoke  will  be  feen  to  move  towards  the  plate.  Again,  if  the 
ambient  water  be  warmed,  and  the  plate  filled  with  cold  water,  let  the  fmoking  wick  of 
the  candle  be  held  over  the  plate,  and  the  contrary  will  happen. 

Sci-iol.  2.  Heat  expands  all  bodies,  folid  as  well  as  fluid. 

Exp.  i,  2.  Water  may  be  rarefied  into  fteam,  and  will  become  exceedingly  dlaftic,  acting 
with  great  power,  as  in  the  eolipile,  and  in  fteam  engines.  See  Art.  x.  Prop.  lvii. 

3.  Metals  expand  by  heat,  and  the  degrees  of  their  expanfion  are  meafured  by  the 
Pyrometer,  which  is  an  inftrument  invented  to  render  the  fmalleft  expanfions  fenfible. 

Various  machines  have  been  contrived  for  this  purpofe,  by  Fergufon,  Defiaguliers,  De  Luc,  pjAteI3< 
&c.  but  the  general  principle  may  be  thus  illuftrated.  Let  abc  be  a lever,  whofe  fulcrum  is  rig-  13- 
b}  acting  upon  another  lever  ede,  whofe  fulcrum  is  d}  this  again  a£ls  upon  a third  lever  tfg, 

whofe 
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whofe  fulcrum  isy,  and  let  x be  a metallic  rod,  one  end  of  which  refts  againft  an  immoveable 
obftacle  P,  and  the  other  end  againft  the  lever  abc , at  a.  If  a lamp  be  put  under  this 
rod,  the  heat  will  increafe  its  length,  and  put  the  levers  in  motion  : No.w  by  the  principle 
of  the  lever,' 

Vel.  of  a : Vel.  of  c : : ab  : be 

Vel.  of  c : Vel.  of  e ; : cd  : de 

Vel.  of  e : Vel.  of  g.:  : ef  : fg- 

Therefore  Vel.  of  a : Vel.  of  g : : ab  x cd  X ef  : be  X de  X fg • 

Hence  if  ab , cd , ef. \ be  fmall  in  proportion  to  be,  de,  fg,  a trifling  increafe  in  the  length 
x will  produce  a very  conflderable  motion  in  the  point  g , which  may  be  meafured  upon  the 
graduated  arc  yz. 

Exa.  If  ab,  cd,  ef,  be  each  equal  to  1,  and  be,  de,fg , each  equal  to  15,  then,  if  the  rod 
increafe  but  the  3375th  part  of  an  inch,  the  point  g will  deferibe  1 inch,  confequently,  by 
dividing  each  inch  in  the  graduated  arc  into  20  parts,  an  expanflon  in  the  rod  of  lefs  than  a 
60  thoufandth  part  of  an  inch  eafily  becomes  vifible. 

Mr.  Fergufon  found  the  expanflon  of  metals  to  be  in  the  following  proportion  : iron  and 
fteel  3 ; copper  4^  ; brafs  5 ; tin  6 ; and  lead  7.  An  iron  rod  3 feet  long,  is  about  T'g.  of  an 
inch  longer  in  fummer  than  in  winter.  See  Fergufon’s  firft  Ledlure  and  Supplement ; 
Deflagulier’s  Exp.  Phil.  Chambers’s  Cycloptedia,  by  Dr.  Rees. 

4.  Mercury,  expanding  or  contracting  by  an  increafe  or  decreafe  of  heat  in  the  air,  is 
made  the  meafure  of  heat  in  thermometers.  See  Art.  vm.  Prop.  lvii. 

m 

Schol.  3.  It  is  found  by  experiment,  that  air  is  neceffary  to  the  exiftence  of  found,  of 
pnimal  life,  of  fire,  and  of  explofion. 

Exp.  1.  Let  a bell  ring  under  an  exhaufted  receiver,  and  in  a condenfer. 

2.  Let  a lighted  candle  be  extinguifhed  under  a receiver. 

3.  Let  gun-powder  fall  upon  red  hot  iron  placed  within  an  exhaufted  receiver. 

Schol.  4.  The  elafticity  of  the  air  affords  a method  of  determining  the  depth  of  the 
fea  where  a line  cannot  be  ufed. 

A wine  glafs  immerfed  in  water  with  its  mouth  downwards  will  not  become  filled,  be- 
caufe  the  fpring  of  air  will  prevent  the  water  from  entering  beyond  a certain  point.  The 
diving  bell  is  conftrudbed  on  this  principle. 

PROP.  LVII.  To  explain  the  nature  and  ufe  of  fundry  Hydraulic 
and  Pneumatic  Inftruments. 

I.  The  Syphon, 

Let  DEC  be  a bended  tube,  having  one  leg  longer  than  the  other.  This  inftrument, 
ufed  for  drawing  off  liquors,  is  called  the  fyphon.  If  the  Ihorter  leg  of  the  tube  be  in- 
ferted  in  a veffel  of  fluid,  and  if  by  fucking  with  the  mouth  a vacuum  be  produced  in  the 
tube,  or  if  the  tube  be  filled  with  the  fluid  before  it  is  ufed,  the  fluid  will  run  off  from 
the  veffel.  The  caufe  of  which  may  be  thus  explained  : the  orifice  C,  of  the  longer  leg,  is 

, expofed 
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expofed  to  the  preflure  of  the  atmofphere  : alfo,  fince  the  fluid  within  the  {hotter  leg  is 
fupported  by  the  furrounding  fluid  in  the  veflel,  the  preflure  upon  the  orifice  D is  that  of 
the  atmofphere.  The  two  equal  orifices  are  then  acted  upon  by  equal  preflures  j the  differ- 
ence of  the  lengths  of  the  columns  of  atmofphere  being  too  fmall  to  caufe  any  perceptible 
difference  in  their  preflure.  But  thefe  equal  preflures  are  counteracted  by  the  preflures  of 
two  unequal  columns  of  fluid  ED,  EC.  If,  therefore,  the  preflures  of  the  columns  of  at- 
mofphere be  more  than  fufficient  to  balance  thofe  of  the  columns  of  fluid,  that  which  adds 
with  the  leffer  force,  that  is,  the  lefler  column  DE  is  more  prefled  againlt  the  column  CE, 
than  the  column  CE  is  preffed  againft  DE  at  the  vertex  E.  Confequently,  the  column  EC, 
muft  yield  to  the  greater  preflure,  and  flow  ofi'  through  the  orifice  C. 

Exp.  i.  Draw  off  water  by  a fyphon. 

2.  Whilfi  mercury  is  pafling  off  from  a veflel  by  a fyphon,  let  the  air  be  exhaufted  from 
the  veflel,  and  the  fluid  will  ceafe  to  run. 

3.  Intermitting  fountains  are  natural  fyphons. 

- * • 

II.  The  Syringe. 

Let  a hollow  cylindrical  tube  have  a fmall  orifice  at  one  end  : at  the  other  end  infert  a 
folid  cylinder  fo  exactly  fitted  to  the  tube,  that  no  air  can  pafs  along  its  fides,  and  fix  a 
handle  to  the  folid  cylinder.  If  that  end  of  this  inftrument  which  has  the  fmaller  orifice, 
be  inferted  in  water,  and  the  folid  cylinder,  or  pifton,  be  drawn  back,  a vacuum  will  be 
produced  within  the  fyringe  and  the  preflure  of  the  atmofphere  on  the  furface  of  the  water, 
meeting  with  no  oppofite  preflure,  will  force  the  water  into  the  tube,  from  whence  it  may 
be  forcibly  expelled,  by  pufhing  down  the  pifton. 

III.  The  Common  Pump. 

4 

In  this  ufeful  inftrument,  a handle,  adding  upon  a pin  as  a lever  of  the  firft  kind,  draws  Plate  5-. 
up  a pifton  AD,  fitted  to  the  fhaft  or  barrel  of  the  pump,  as  defcribed  in  the  fyringe.  This  Flg'  ar* 
pifton  has  an  hole,  over  which  is  a valve  of  leather,  loaded  with  lead,  opening  upwards. 
Towards  the  lower  part  of  the  fhaft  is  inferted  a plug  C,  which  alfo  has  in  it  a hole,  and  a 
valve  which  opens  upwards.  When  the  pifton,  or  fucker,  is  drawn  up  from  the  plug,  a 
vacuum  is  produced  in  the  (haft  between  D and  C,  into  which  the  air  contained  in  the  lower 
part  of  the  pipe  expands  itfelf.  By  repeated  ftrokes  the  air  efcapes  through  the  upper  valve, 
and  the  vacuum  becomes  fo  perfect,  that  the  external  air,  preffmg  without  counteraddion, 
upon  the  furface  of  the  water,  in  the  well  or  reiervoir  in  which  the  fhaft  is  fuppofed  to  be 
inferted,  forces  the  w iter  through  the  valves  at  C and  D,  into  the  fpace  AD  ; from  whence 
it  is  prevented  from  returning  downward,  by  the  valves,  which  are  clofely  preffed  down  by 
the  incumbent  fluid.  If  therefore  the  handle  be  repeatedly  lifted  up,  the  column  of  water 
will  increafe  upon  every  ftroke,  till  it  rifes  to  the  level  of  the  fpout,  and  is  difcharged. 

But  if  the  height  be  more  than  34  feet,  the  water  cannot  be  raifed  : for  fuch  a column  is 
equal  to  the  weight  of  a column  of  the  atmofphere  of  the  fame  diameter. 
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IV.  The  ForcinCx  Pump. 

In  this  pump,  the  pifton  is  one  entire  cylinder,  as  in  the  fyringei  The  water  is  railed 
into  the  pipe  between  A and  D,  as  in  the  common  pump  : from  hence  it  is  forced,  by  the 
downward  preflure  of  the  pifton,  or  forcer,  through  a tube  inferted  in  the  fide  of  the  main 
ihaft.  In  this  fide-tube  a valve  is  inferted  at  E to  prevent  the  water  from  returning,  and 
when  a fuflicient  quantity  is  railed,  it  is  dilcliarged  by  the  fpout. 

The  common  engine  for  extingu'ijhing  fires  confifts  of  two  fuch  forcing  pumps,  which  con-- 
vey  the  water  into  a refervoir  made  air-tight,  into  which  a pipe  is  inferted.  As  this  refervoir 
fills  with  water,  the  air  within  it  is  proportionally  condenfed,  and  therefore  forces  the  water 
up  a cylinder  from  which  it  is  conveyed,  at  pleafure,  by  leathern  pipes. 

V.  The  Condenser. 

This  inllrument,  which  is  ufed  to  force  air  into  any  veflel,  is  a fyringe,  having  a folid 
pifton,  and  a valve  in  the  lower  part  of  its  barrel  which  opens  downwards.  By  thrufting 
down  the  pifton,  the  air  is  forced  through  the  valve,  which  is  afterwards  held  clofe  by  the 
elafticity  of  the  condenfed  air.  When  the  pifton  is  lifted  up,  a vacuum  is  produced,  till 
it  is  railed  above  a fmall  hole  in  the  barrel,  when  the  air  rullies  in,  and  is  again  difeharged 
through  the  valve. 

Artificial  Fountains  are  formed  by  the  help  of  a condenfer,  which  throws  any  quan- 
tity of  air  into  a veffel  in  part  filled  with  water  ; which,  by  its  elafticity,  forces  the  water  up 
into  pipes  from  which  it  is  conveyed  at  pleafure. 

The  Air-Gun  is  an  inllrument,  in  the  form  of  a gun,  by  which  a quantity  of  condenfed 
air  is  fuddenly  fet  free,  and  drives  a ball  through  the  barrel  with  great  force. 

VI.  The  Air-Pump. 

This  inllrument,  the  ufe  of  which  is  to  exhaull  the  air  from  any  veflel,  lias  two  Itrong 
barrels  A,  A,  which  communicate  with  a cavity  in  D ; within  each  of  which,  near  the 
bottom,  is  fixed  a valve  opening  upwards,  and  two  pillons,  one  in  each  barrel,  having  3 
valve  which  likewife  opens  upwards.  Tliefe  pillons  are  moved  by  means  of  a cog-wheel 
in  the  piece  TT,  to  the  axis  of  which  the  handle  B is  fixed,  and  whofe  teeth  catch  in  the 
racks  of  the  pillons  CC,  and  move  them  upwards  or  downwards.  PQR  is  a circular  brafs 
plate,  having  at  its  centre  the  orifice  K of  a concealed  pipe  that  communicates  with  the 
cavity.  In  the  piece  D at  V is  a ferew  that  clofes  the  orifice  of  another  pipe,  for  the 
purpofe  of  admitting  the  external  air  when  required.  Upon  W is  placed  the  Ihort  barometer 
gage  for  the  purpofe  of  lliewing  the  degrees  of  exhauftion.  ‘When  the  handle  is  turned, 
one  of  the  pillons  is  raifed,  and  a vacuum  produced  in  its  barrel.  By  means  of  the  pipe, 
which  paffes  from  the  orifice  K in  the  plate  upon  which  the  receiver  LM,  or  veflel  to  be 
cxhaulled,  Hands,  to  the  part  of  the  barrel  beneath  the  lower  valve,  the  air  contained  in  the 
receiver,  communicating  with  the  barrel,  raifes  the  lower  valve  by  its  elaflic  fpring,  and 
expends  into  the  vacuum.  Thus  a part  of  the  air  in  the  receiver  is  extraded.  By  turning 
the  handle  the  contrary  way,  the  fame  elfe£l  is  produced  in  the  other  barrel  -,  whilfl  the  firft 
pifton,  being  deprefled,  the  air  which  had  palled  from  the  receiver  is  comprefled,  and  efcapes 

through  the  valve  in  the  pifton.  This  operation  is  continued  till  the  air  is  nearly  exhaufted 
b ' from, 
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from  the  receiver  : for  it  can  never  be  perfectly  exhaufted,  fince  at  each  ftroke  only  fuch  a 
part  of  the  air  which  remained  is  taken  away,  as  is  to  the  quantity  before  the  ftroke,  as  the 
capacity  of  the  barrel,  to  that  of  the  receiver,  pipe  and  barrel  taken  together : which  may 
be  eafily  proved  in  the  following  manner. 

Let  R = the  content  of  the  receiver  and  pipe,  B—  the  content  of  the  barrel. 

If  L = the  quantity  of  air  in  R before  the  ftroke,  and  1 ■=.  the  quantity  exhaufted  by 
it ; and  Cnee,  the  pi(lon  being  raffed,  the  air  is  uniformly  diffufed  through  R and  B,  and 
that  in  B extracted  by  the  ftroke,  confequently  L : / : : R -f-  B : B or  / : L : : B : R 4.  B, 
that  is,  the  quantity  of  air  extracted,  is  to  the  quantity  before  the  ftroke,  as  the  capacity  of 
the  barrel,  is  to  that  of  the  receiver,  pipe  and  barrel  taken  together. 

Cor.  1.  Let  L,  M,  N,  See.  be  the  quantities  of  air,  before  any  fuccefiive  ftrokes  ; /, 

«,  & c.  the  quantities  exhaufted  by  each  ftroke  ; and  L : / : : R-j-B  : B : : M : m : : N : «, 
See.  by  divifipn  L : L — ■/  (M)  : : M : M — m (N)  : : N : N — 71  (O)  Sec.  or  L : M : : 
M : N : : N : O,  Sc c.  therefore  L,M,  N,  & c.  are  in  decreafing  geometric  progreftion,  whofe 

2 L 

common  ratio  is  that  of  R-J-B  : R.  If  RrraB,  then  R-J-B  : R : : a -.2,  and  M = 

3 

2m 

N zz  - — , See.  and  the  quantities  of  air  are  equal  to  L,  \ L,  L,  L,  See. 


Cor.  2.  Since  L : M : : / : m ; M : N : : tn  : «,  Sec.  /,  /?/,  «,  See.  are  in  a decreafing 
geometric  progreftion,  whofe  common  ratio  is  that  of  R + B : R.  If,  as  in  the  laft  Cor. 

2 / Q.  1)2 

R + B : R : : 3:2,  then  ;«=■—,  n — , &c.  arLc^  the  quantities  of  air  exhaufted 

by  the  fucceftive  ftrokes  are  /,  -l  /,  £ /,  A A See. 


Cor.  3.  If  R be  to  B in  any  finite  ratio  as  3:2,  the  receiver  can  never  be  perfectly 
exhaufted  by  any  finite  number  of  turns,  for  let  the  number  of  turns  be  »,  and  Q^the  laft 
remainder,  then  Q_=  L X~T)n,  fuppofing  L to  be  the  quantity  of  air  in  the  receiver  at 
firft ; and  this  quantity  L x TT  is  fince  n is  finite. 


VII.  The  Barometer. 


(1)  If  a glafs  globe  be  exhaufted  of  air,  and  balanced  at  one  end  of  a beam,  upon  ad- 
mitting the  air  the  globe  preponderates.  This  experiment  not  only,  in  common  with  others 
beforementioned,  fhews  that  the  air  has  weight,  but  alfo  what  that  weight  is.  The  denfity 
pf  air  was  found,  by  Mr.  Haukfbee,  to  be  885  times  lefs  than  that  of  water,  when  the 
barometer  flood  at  29 \ inches.  Hence  as  a cubic  inch  of  water,  weighs  253.18  grains 
Troy,  a cubic  inch  of  air  weighs  0.286  grains.  And  if  mercury  be  14  times  heavier  than 
water,  the  fpecific  gravity  of  air  is  to  that  of  mercury  1 to  885  X 14  = 12390. 

(2)  If  a glafs  tube  AB,  of  about  32  or  33  inches  long,  hermetically  iealed  at  one  end, 
be  filled  with  mercury,  and  then  inverted  into  a bafon  I)  of  the  fame  fluid,  the  mercury 
in  the  tube  will  (land  at  an  altitude  above  the  furface  of  that  in  the  bafon  between  28  and  31 
inches.  A tube  thus  filled,  and  graduated  from  28  to  31  inches,  is  called  -a  barometer. 
The  height  of  the  mercury  in  the  tube  above  the  furface  of  the  mercury  in  the  bafon  is  called 
the  ftandard  altitude,  which,  in  this  country,  ftudluates  between  28  and  31  inches;  and 
the  difference,  betweep  the  greatefl  and  leafl  altitudes,  is  called  the  fcale  of  variation. 

R s Now 
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Now  the  mercury  in  the  barometer  tube  will  fubfule,  till  the  column  be  equivalent  to 
the  weight  of  the  external  air  upon  the  furface  of  the  mercury  in  the  bafon,  and  is  there- 
fore a true  criterion  to  meafure  that  weight,  and  chiefly  dire£ted  to  that  purpofe,  in  order 
to  foretel  the  changes  in  the  weather. 

If  each  inch  ox  the  fcale  of  variation  AD,  (fig.  5.  made  larger  for  fake  of  perfpicuity) 
be  divided  into  ten  equal  parts,  marked  1,  2,  3,  increafing  upwards,  and  a vernier  LM, 
■whole  length  is  ijths  of  an  inch,  be  likewife  divided  into  ten  equal  parts,  increafing  down- 
wards, and  fo  placed  as  to  Aide  along  the  graduated  fcale  of  the  barometer,  the  altitude  of 
the  mercury  in  the  tube,  above  the  furface  of  that  in  the  bafon  may  be  found,  in  inches  and 
hundredth  parts  of  an  inch,  by  this  procefs.  If  the  furface  E of  the  mercury  in  the  tube  do 
not  coincide  with  a divifion  in  the  fcale  of  variation,  place  the  index  of  the  vernier  M even 
with  this  furface,  and  obferving  where  a divifion  of  the  vernier  coincides  with  one  of  the 
fcale,  the  figure  in  the  vernier  will  lhew  what  hundredth  parts  of  an  inch  are  to  be  added 
to  the  tenths  immediately  below  the  index.  If  the  furface  of  the  mercury  be  between  6 
and  7 tenths  above  30  inches,  and  the  index  of  the  vernier  being  placed  even  with  it,  and 
the  figure  8 upon  the  vernier  coincide  with  a divifion  upon  the  fcale,  the  altitude  of  the 
barometer  will  be  30  inches  -rs  and  of  an  inch  : For  each  divifion  of  the  vernier  being 
greater  than  that  of  the  fcale  by  of  ah  inch,  (for  the  tenth  part  of  a tenth  of  an  inch  is 
the  hundredth  part  of  an  inch)  and  there  being  eight  divifions,  the  whole  mult  be  of  an 
inch  above  the  number  6 in  the  fcale,  and  the  height  of  the  mercury  is  therefore  30.68 
inches. 


Coit.  1.  Hence,  if  the  atmofphere  were  homogeneous,  its  altitude  would  be  eafily 
found.  For  by  the  former  part  of  this  article,  when  the  mercury  flood  at  29^  inches,'  the 
denfity  of  the  air  was  to  that  of  mercury  as  1 to  12390;  confequently,  the  altitude  of  an 
homogeneous  atmofphere  would  be  equal  to  12390x29^=5.77  miles.  The  real  height  of 
the  atmofphere  may  be  determined  from  the  beginning  and  end  of  twilight.  See  Book  vn. 
Prop,  -xxxix. 


Cor.  2.  The  barometer  has  been  applied  to  the  meafuring  of  the  heights  of  towers, 
mountains,  &c.  Since  12390  inches  of  air,  near  the  furface  of  the  earth,  is  equal  to  one' 
inch  of  mercury;  1239  inches,  or  about  103  feet  of  air,  muft  be  equal  to  -io  of  an  inch  of 
mercury.  Therefore  if  a barometer  be  carried  up  any  great  eminence,  the  mercury  will 
defeend  T*o  of  an  inch  for  every  103  feet  that  the  barometer  afeends.  This  corollary 
fuppofes  that  the  atmofphere  near  the  furface  of  the  earth  is  every  where  of  the  fame  denfity, 
which  is  fo  far  from  being  true,  that  the  conclufions  drawn  from  the  fuppofition  deviate 
from  fa£l  even  in  fmall  altitudes,  as  appears  from  the  following  obfervations  made  by  Dr. 
Nettleton. 


Town  of  Halifax 

Pcrpcndi.  Altitudes. 
102 

Lowcfl  Station. 

29.78 

Higheft  Station. 
29.66 

Diff. 

0.12 

• Coal  mine 

236 

29.50 

29.23 

O.27 

1 

Halifax-hill 

5°7 

30.00 

29.45 

O.55 

See  Abr.  Phil.  Tranf.  Vol.  vi. 

M.  De  Luc,  Sir  Geo.  Shuckburgh,  and  General  Roy,  have  confidered  this  fubjeft  very 
attentively,  and  have  laid  down  certain  rules,  which,  with  proper  corre&ions,  on  account  of 
the  difference  of  the  temperature  of  the  air,  will  hold  good  for  all  altitudes  within  our  reach. 

See  De  Luc  on  the  Modifications  of  the  Atmofphere,  Phil.  Tranf.  Vol.  jlxxvh. 
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Cor.  3.  When  the  mercury  in  the  barometer  hands  at  the  altitude  of  30  inches,  the 
preffiire  of  the  air  upon  every  fquare  inch  is  rather  more  than  151b.  avoirdupoifc.  Now, 
fuppofing  the  furface  of  a middle  fized  man  to  be  14I  fquare  feet,  the  prellure  upon  him, 
when  the  air  is  lighted:,  will  be  13.2  tons,  and  when  heavieft,  it  will  be  14.3  tons,  the 
difference  of  which  is  24641b.  This  difference  of  preffure  muft  affedl  us  in  regard  to  our 
health  and  animal  fpirits,  efpecially  when  the  change  takes  place  fuddenly. 

For  a defcription  of  the  different  kinds  of  barometers,  fee  Parkinfon’s  Hydroftatics,  p.  97. 


VIII,  The  Thermometer, 


The  thermometer  is  an  inftrument  calculated  for  meafuring  the  temperature  of  the  air, 
and  other  bodies  contiguous  to  it,  as  to  heat,  and  cold,  being  ufually  a cylindrical  glafs  tube, 
containing  air,  water,  oil,  fpirits  of  wine,  mercury,  & c.  which  fluids  are  found  to  occupy 
different  portions  of  the  tube  in  different  temperatures,  and  thefe  portions  being  meafured, 
exhibit  the  different  expanftons  of  the  included  fluid. 

AB  reprefents  a glafs  tube,  whofe  end  A is  blown  into  a bulb : this  bulb  and  part  of  the 
tube  being  filled  with  quickfilver,  the  Ieafl  change  of  the  bulk  of  quickfdver,  and  consequent- 
ly of  the  temperature  of  contiguous  bodies,  is  fhewn  by  the  rife  or  fall  of  the  furface  in  the 
tube,  which  is  indicated  by  the  fcale  ab  affixed  to  the  frame  of  the  inftrument. 

The  thermometer  chiefly  ufed  in  Great  Britain,  is  that  conftrutftecl  by  Fahrenheit ; in  which 
there  are  180  divifions  between  the  freezing  and  boiling  water  points,  the  freezing  point  be- 
ing reckoned  3 2°  above  zero,  or  the  commencement  of  the  fcale  ; confequently  the  boiling 
water  point  is  21 2°.  * 

A good  thermometer  muft  poffefs  the  following  properties  : the  capacity  of  the  tube  ffiould 
be  very  fmall  and  regular,  and  its  upper  end  muft  be  hermetically  fealed.  The  empty  fpace 
muft  be  as  free  as  poffible  from  air.  The  fcale  muft  be  well  adjufted,  and  accurately  divided 
according  to  the  capacity  of  the  tube.  Thermometers  with  fmall  bulbs,  and  tubes  in  pro- 
portion, are  the  moft  to  be  depended  upon,  for  a large  volume  of  mercury  is  not  fufficiently 
fenfible  to  the  change  of  temperature. 

Since  the  thermometers  of  Fahrenheit  and  Reaumeur  are  thofe  moftly  in  ufe,  it  will  be 
often  found  convenient  to  be  able  readily  to  convert  the  degrees  on  Fahrenheit’s  fcale  into 
thofe  of  Reaumeur,  and  vice  verfa  : and  as  one  degree  on  Reaumeur’s  fcale  is  equal  to  2.250, 
or  to  of  Fahrenheit ; and  as  the  former  fcale  places  the  freezing  point  at  zero,  and  the  lat- 
ter places  it  at  32 ; the  following  canons  will  reduce  the  degrees  on  the  one  to  the  corref- 
ponding  ones  on  the  other.  \ 


1 . To  convert  the  degrees  of  Fahrenheit  into  thofe  of  Reaumeur  ; 


F — 32 


X 4 — R : thus 


the  167°  of  Fahrenheit  anfwers  to  the  6o°  of  Reaumeur. 


2.  To  convert  the  degrees  of  Reaumeur  to  thofe  of  Fahrenheit  ; 

Thus  the  40°  of  Reaumeur  anfwers  t;o  the  1220  of  Fahrenheit. 
Lavoilier’s  Chemiftry. 


R x 9 


f 32=F. 


See  N°  4,  Appendix  to 
It 


* Note.  I he  fcale  on  Reaumeur’s  thermometer,  which  is  principally  ufed  on  the  continent,  begins  at  the  freezing 
point,  and  proceeds  both  ways,  from  o or  2ero.  From  freezing  to  boiling  water,  are  80  degree*.  For  the  com 
Hruction,  ufes,  &c.ol  this  and  feveral  other  thermometers,  lee  Farkiulou’s  Hydroftatics,  p.  1J4— 169, 
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It  is  evident,  that  the  thermometers  hitherto  described,  are  limited  in  their  extent.  The 
mercurial  thermometer  extends  no  farther  than  the  heat  of  boiling  mercury,  which  anfwers 
to  6oo°  of  Fahrenheit's  fcale  ; but  the  heat  of  folid  bodies  in  the  hate  of  ignition  exceeds  that 
of  boiling  mercury.  To  remedy  this  defeat,  Mr.  Wedgewood  has  contrived  a thermometer 
for  meafuring  the  higher  degrees  of  heat,  by  means  of  a diftinguifhing  property  of  argilla- 
ceous bodies,  viz.  the  diminution  of  their  bulk  by  fire.  This  diminution  commences  in  a 
dull  red  heat,  and  proceeds  regularly  as  the  heat  increafcs,  till  the  clay  becomes  vitrified. 
This  thermometer,  therefore,  marks,  with  precifion,  the  different  degrees  of  ignition  from 
the  red  heat  vifible  only  in  the  dark,  to  the  heat  of  an  air  furnace.  Its  conftfudtion  is 
extremely  fimple.  It  confilts  of  two  rulers  fixed  upon  a fiat  plane,  a little  farther  afunder 
at  one  end  than  at  the  other,  leaving  an  open  longitudinal  fpace  between  them.  Small 
pieces  of  alum  and  clay,  mixed  together,  are  made  of  fuch  a fize  as  juft  to  enter  at  the  wide 
end ; they  are  then  heated  in  the  fire  along  with  the  body,  whofe  heat  we  wifh  to  deter- 
mine. The  fire,  according  to  the  degree  of  heat  it  contains,  contracts  the  earthy  body,  fo 
that  applied  to  the  wide  end  of  the  gage,  it  will  Hide  on  towards  the  narrow  end,  lefs  or 
more,  according  to  the  degree  of  heat  to  which  it  has  been  expofed.  Each  degree  of  Mr. 
Wedgewood’s  thermometer  anfwers  to  130  degrees  of  Fahrenheit  ; and  the  fcale  begins 
from  1077  of  Fahrenheit.  Hence  the  following 


TABLE. 


Fahrenheit’s 

Scale. 

Wedgewood’s 

Scale. 

Extremity  of  Wedgewood’s  fcale 

322770 

— 

240° 

Caft  iron  melts 

- 21877 

l6o 

Lead  welding  heat  of  iron 

12777 

— 

90 

Fine  gold  melts  - 

5237 

— 

32 

Fine  filver  melts  r 

4717 

. — 

2-8 

Brafs  melts  - 

' - 3807 

T— 

21 

Red  heat  fully  vifible  in  day  light 

1077 

— 

O 

Red  heat  fully  vifible  in  the  dark 
Mercury  boils,  alfo  exprefled  oils 

947 

600 

I 

Lead  melts  - 

Bifmuth  melts  r 

Tin  melts  - - - 

Nitrous  acid  boils 
Cow’s  milk  boils  - 

Water  boils  - r 

Heat  of  the  human  body 
Oil  of  olives  begin  to  congeal 
Water  freezes  and  fnow  melts 
Milk  freezes  - - - - 

Urine  and  vinegar  freeze 
Strong  wine  freezes  - - - 

A mixture  of  fnow  and  fait  freezes 
Mercury  freezes  - 

Cold  produced  at  Hudfon’s  Bay,  by  a mixture 
of  vitriolic  acid  and  fnow 


Note.  If  thefe  three  metals  be  mixed 
together  by  fufion,  in  the  proportion  of  j, 
8,  and  3,  the  mixture  will  melt  in  a heat 
below  boiling  water. 
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IX.  The  Hygrometer. 

The  hygrometer  is  an  inftrument  for  the  meafuring  the  degrees  of  moifture  in  the  air  j 
of  which  there  are  various  kinds  ; for  whatever  contra&s,  and  expands  by  the  moifture,  and 
drynefs  of  the  atmofphere,  is  capable  of  being  formed  into  an  hygrometer.  Such  are  moft 
kinds  of  wood ; catgut,  twilled  cord ; the  beard  of  wild  oat,  &c.  The  following  are  very 
fimple  in  their  conftru&ion,  and  will  ferve  to  explain  the  principle  of  the  inftrument. 

1.  Stretch  a catgut,  or  a common  cord,  ABU,  along  a wall,  palling  it  over  a pulley  B : 
fixing  it  at  one  end  A,  and  to  the  other  hanging  a weight  E,  carrying  a fmall  index  F. 
Againlt  the  fame  wall,  fit  a metal  plate  HI,  divided  into  any  number  of  equal  parts,  and  the 
hygrometer  is  complete. 

For  it  is  known,  that  moifture  fenfibly  fhortens  catgut,  cord,  & c.  and  that  as  the  moifture 
evaporates,  they  return  to  their  former  length.  Hence  the  weight  E,  with  the  index,  will 
afeend  when  the  air  is  moift,  and  defeend  when  it  becomes  drier ; and  the  divifions  on  the 
fcale  will  fliew  the  degrees  of  moifture  or  drynefs.  This  hygrometer  may  be  made  more 
fenfible  and  accurate  by  draining  the  catgut  over  feveral  pullies  placed  in  a parallel  or  any 
Other  pofition. 

2.  The  fponge  hygrometer  is  conftru&ed  as  follows:  BC  is  the  beam  of  a balance;  to 
the  end  B is  hung  a piece  of  fponge,  fo  cut  as  to  contain  as  large  a fuperficies  as  pofiible, 
which  mull  be  exaClly  balanced  on  the  other  fide  by  another  thread  of  filk  D,  on  which  is 
ftrung  fome  very  fmall  leaden  {hot  at  equal  diftances,  fo  adjufted  as  fo  caufe  an  index  E to 
point  to  G,  the  middle  of  the  graduated  arc  FGH,  (made  large  for  diftinCtion’s  fake)  when 
the  air  is  in  a middle  ftafe  between  the  greateft  moifture  and  the  greateft  drynefs.  Under 
this  filk,  ftrung  with  fhot,  is  placed  a fhelf  I,  for  that  part  of  the  fliot  to  reft  upon  which  is 
not  fufpended.  When  the  moifture  imbibed  by  the  fponge  increafes  its  weight,  it  will  raife 
the  index,  and  vice  verfa  \then  the  air  is  dry. 

To  prepare  the  fponge,  it  may  be  proper  firft  to  walh  it  in  water  very  clean,  and,  when 
dry  again,  dip  it  in  water  or  vinegar  in  which  there  has  been  diflolved  fal  amoniac,  or  fait 
of  tartar  ; after  which  let  it  dry  again.  Salt  of  tartar,  or  any  other  fait,  or  pot-alhes,  may 
be  put  into  the  fcale  of  a balance,  and  ufed  inftead  of  the  fponge. 

X.  Steam  Engine. 

The  fteam  engine  is  a machine  which  derives  its  moving  power  from  the  elafticity  and 
condenfation  of  the  fteam  of  boiling  water.  The  high  importance  of  this  machine  to  the 
mechanical  arts  of  life,  efpecially  where  immenfe  powers  are  required,  has  given  birth  to 
many  confiderablc  improvements  both  in  its  conftru&ion  and  mode  of  operation. 

The  following  is  a defeription  of  one  of  the  earlieft  fteam  engines,  which,  as  it  exhibits 
the  general  principles  of  the  machine,  will  be  deemed  fulficient  in  a work  only  introductory 
to  fcience.  A hiftory  of  the  fteam  engine,  from  its  firft  conftruClion  by  Captain  Savary, 
down  to  the  prefent  time,  in  which  arc  included  all  the  great  improvements  made  by  the 
ingenious  Mr.  Watt,  of  Birmingham,  will  be  found  in  the  Encyclopcedia  Britannica,  Vol. 
xvii.  Part  11. 

H reprefents  the  boiler  on  its  furnace.  E the  cylindrical  vefiel  of  iron,  in  which  the 
pifton  OO  moves  up  and  down,  the  cavity  between  the  pifton  and  bottom  of  the  cylinder  is 
made  air-tight.  1 is  a cock  to  admit  the  fte'am  into  the  cylinder.  IK  is  a lever,  attached 
to  the  pifton  at  I,  and  at  K to  the  pifton  of  the  pump  which  wortes  on  that  fide.  PQ^is 
a folid  pillon  moving  in  the  pipe  RM,  and  loaded  with  a heavy  weight  at  P,  ABC  is  the 

main 
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Fig.  6. 


Plate  T3. 
Fig.  7- 


Plate  13. 
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main  pipe  that  receives  the  water  forced  from  RM  through  a valve  at  C,  opening  outwards. 
N is  an  air  veflel  communicating  with  the  main  pipe.  At  D is  a valve  opening  upwards, 
and  at  M is  the  water  to  be  raifed. 

The  engine  is  reprefented  at  the  end  of  a forcing  ftroke,  which  is  likewife  its  pofition 
when  at  reft.  Suppofe  the  main  pipe  ABC  to  be  filled  with  water,  and  the  water  in  the 
boiler  H to  boil  ftrongly.  The  cock  F being  opened,  the  fteam  rufties  into  the  cylinder, 
and  being  much  lighter  than  air,  rifes  to  the  top,  and  expels  the  air  through  a valve  in  the 
bottom  of  the  cylinder.  F is  then  {hut,  and  the  cock  G communicating  with  the  main 
pipe  is  opened,  which  by  fpouting  cold  water  againft  the  bottom  of  the  pifton,  condenfes 
the  fteam.  A vacuum  being  thus  obtained,  the  preflure  of  the  atmofphere  forces  the  pifton 
clown  to  the  bottom  of  the  cylinder  ; the  lever  IK  is  moved,  and  the  pifton  PQ^with  its 
weight  is  raifed,  and  the  water  afeends  in  the  pipe  MR  upon  the  principle  of  the  common 
pump.  The  cock  G being  now  {hut,  and  F opened,  the  fteam  enters  the  cylinder,  and 
counteracts  the  preflure  of  the  atmofphere  on  the  pifton  OO  : confequently,  the  weight  P 
prevails,  and  drives  down  the  pifton  RQ^,  forcing  the  water  through  the  valve  C into  the 
main  pipe  and  its  air  veflel.  The  ufe  of  the  air  veflel  is  to  prevent  the  main  pipe  from  burfting 
by  the  fudden  entrance  of  the  water  ; for  the  air  at  N being  elaftic,  gives  way  to  the  ftroke, 
and  its  re-a£lion  during  the  time  of  elevating  the  pifton  PQ^continues  the  motion  of  the 
water,  fo  that  its  velocity  is  no  more  than  half  what  it  would  have  been  if  it  had  been  im- 
pelled by  ftarts,  and  refted  during  the  raifing  of  the  pifton.  By  opening  the  cock  G,  and 
{hutting  F,  (which  is  done  by  a Angle  operation)  the  fteam  is  again  condenfed,  the  preflure 
of  the  atmofphere  again  prevails,  and  thus  the  work  may  be  continued  at  pleafure. 

The  power  of  fome  of  the  fteam  engines,  conftrufted  by  Meffrs.  Boulton  and  Watt,  is 
thus  deferibed  as  taken  from  adftual  experiment.  An  engine,  having  a cylinder  of  3 1 inches 
in  diameter,  and  making  1 7 double  ftrokes  per  minute,  performs  the  work  of  40  horfes, 
working  night  and  day,  (for  which  three  relays,  or  120  horfes,  muft  be  kept,)  and  burns 
ti.ogo  pounds  of  Staffordfliire  coal  per  day.  A cylinder  of  19  inches,  making  25  ftrokes 
of  4 feet  each  per  minute,  performs  the  work  of  12  horfes,  working  conftantly,  and  burns 
3700  pounds  of  coals  per  day.  Thefe  engines  will  raife  more  than  20.000  cubic  feet  of 
water,  24  feet  high,  for  every  hundred  weight  of  good  pit  coal  confumed  by  them. 


Plate  11. 
F'g-  3- 


XI.  The  Hydrometer. 

The  hydrometer,  an  inftrument  ufually  applied  to  find  the  fpecific  gravities  of  liquids,  is  thus 
conftructed  : AB  is  a hollow  cylindrical  tube  of  glafs,  ivory,  copper,  &c.  joined  to  a hollow  ball 
D,  at  the  bottom  of  which  is  a fmaller  ball  E,  containing  fome  quickfilver,  or  {hot,  by  which 
the  inftrument  is  fo  poifed,  that  it  fwims  vertically  in  a liquid.  The  ftem  AB  is  gradual  in 
fuch  a manner,  that  the  figures  exhibit  the  magnitudes  of  the  parts  below,  and,  confequently, 
the  fpecific  gravities  of  the  different  fluids  in  which  it  defeends  to  thofe  figures.  Thus  if  the 
parts  immerfed  in  water,  and  fpirits  of  wine,  be  as  10  to  1x4,  then  the  fpecific  gravity  of  the 
water  will  be  to  that  of  the  fpirits  of  wine  as  1 1 . 1 to  10. 

To  make  this  inftrument  of  more  fervice,  there  has  been  added  a little  plate,  or  difti,  at 
the  top  of  the  tube,  upon  which  may  be  placed  weights,  as  convenience  may  require.  For 
example  ; if  the  whole  inftrument  float,  immerfed  in  fpirits  to  a certain  point,  it  will  re- 
quire an  additional  weight  to  fink  it  to  the  fame  depth  in  water.  Suppofe  the  inftrument  to 
weigh  10  dwts.  and  to  be  adjufted  to  rettified  fpirits  of  wine,  it  will  then  require  an  addition- 
al weight  of  1.6  dwt.  to  fink  it  to  the  fame  point  in  water.  Confequently,  the  fpecific  gravity 
of  water  is  to  that  of  rectified  fpirits  of  wine  as  1 1.6  to  io,  or-as  10  to  8.6. 
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OF  MAGNETISM, 

Pef.  I.  rT^HE  earth  contains  a mineral  fubftance  which  attracts  iron, 

JL  fteel,  and  all  ferruginous  fubftances  j this  is  called  a nat~ 

liral  magnet, 

Def.  II.  The  fame  fubftance  has  the  power  to  communicate  its  prop- 
erties to  all  ferruginous  bodies : thofe  bodies,  after  having  acquired  the 
magnetical  properties*  are  called  artificial  magnets . 

Thofe  magnets  are  alfo  made  without  the  afliftance  of  the  natural  mag- 
net, as  will  hereafter  be  ftiewn, 

Schol.  The  property  of  attraction  in  the  magnet  was  that  by  which  it  was  firfl  difeover- 
ed.  Every  fubftance  that  contains  iron,  is  more  or  lefs  attracted  by  the  magnet ; and  fo  uni- 
verfally  is  this  truly  important  metal  difleminated,  that  there  are  very  few  fubftances  which 
are  not  in  fome  degree  capable  of  being  attracted  by  the  magnet.  In  this  way  iron  is  found 
to  enter  into  the  compofition  of  animals,  vegetables,  minerals,  and  even  into  that  of  the  atmof- 
phere.  On  this  fubjeCt,  fee  Cavallo  on  Magnetifm,  Chap.  vi.  Part  i. 

Def.  III.  Thofe  points  in  a magnet  which  feem  to  poflefs  the  greateft 
power,  are  called  the  poles  of  the  magnet. 

Def.  IV.  The  magnetical  meridian , is  a vertical  circle  in  the  heavens, 
which  interfefts  the  horizon  in  the  points  to  which  the  magnetical  needle, 
when  at  reft,  is  directed. 

Def.  V.  The  axis  of  a magnet , is  a right  line  which  pafles  from  one 

polo,  to  the  other, 

Def.  VI.  The  equator  of  a magnet , is  a line  perpendicular  to  the  axis, 
and  exaftly  between  the  two  poles. 

Sciiol.  The  diftinguifhing  and  charaCteriftic  properties  of  a magnet,  are,  (i.)  Its  attrac- 
tive and  repulfive  powers.  (2.)  The  force  by  which  it  places  itfelf,  when  freely  fufpe tided, 
in  a certain  direction  towards  the  poles  of  the  earth.  (3.)  Its  dip,  or  inclination  towards  a 
point  below  the  horizon.  (4.)  The  property  which  it  polTefles  of  communicating  the  forego- 
ing powers  to  iron  and  fteel. 

s Def.  VII. 


OF  MAGNETISM.  Book  IV, 

Def.  VII.  The  direction  of  the  dipping  needle  in  any  place,  is  called 
the  magnctlcal  line. 

PROP.  I.  That  mineral  fubftance  which  is  called  the  loadftone,  or 
magnet,  has  the  property  of  attracting  iron  : but  no  other  body  whatever, 
unlefs  it  has  a mixture  of  iron. 

Exp.  i.  The  action  of' the  magnet  on  iron,  may  be  {hewn  on  needles,  fteel  filings,  &c. 

2.  Let  a needle  be  fufpended  from  a loadftone,  and  a ftring  pafling  through  ics  eye  be 
faftened  to  the  beam  of  a balance  placed  under  it ; the  degree  of  force  with  which  it  is 
attracted,  may  be  meafured. 

Schol.  Some  philofophers  have  fuppofed  that  iron  is  not  the  only  fubftance  attracted  by 
the  magnet.  Mr.  Kirwan  fays,  that  nickel.,  when  purified  from  iron,  becomes  more,  inftead 
of  lefs,  magnetic,  and  acquires  the  properties  of  a magnet.  Mr.  Cav  tllo  inftituted  a number 
of  experiments,  with  a view  of  afcertaining  whether  any  other  bodies  than  ferruginous  ones., 
were  attracted  by  the  magnet.  After  all,  he  does  not  decide  pofitively  on  the  bufinefs. 


PROP.  II.  The  aClion,  and  re-a&ion  of  the  magnetic  power,  are 
mutual  and  equal. 

A piece  of  iron,  or  fteel,  or  other  ferruginous  fubftance,  being  brought  within  a certain  dif* 
{lance  of  one  of  the  poles  of  a magnet,  is  attracted  by  it,  fo  as  to  adhere  to  the  magnet,  and 
not  to  fuffer  itfelf  to  be  feparated  without  an  evident  effort.  This  attraction  is  alfo  mutual, 
for  the  iron  attracts  the  magnet,  as  much  as  the  magnet  attracts  the  iron ; fince  if  they  be 
placed  on  pieces  of  wood  or  cork,  fo  as  to  float  upon  the  furface  of  water,  it  will  be  found 
that  the  iron  advances  towards  the  magnet,  as  well  as  the  magnet  advances  towards  the  iron  ; 
or,  if  the  iron  be  kept  fteady,  the  magnet  will  move  towards  it. 

Schol.  The  ftrength  of  magnetic  attraction  varies  according  to  different  circumftances  y 
fuch  as,  the  ftrength  of  the  magnet ; — the  weight  and  fhape  of  the  body  prefented  to  it ; — ■ 
the  magnetic,  or  unmagnetic  Hate  of  that  body ; the  diftance  between  it  and  the  magnet,  &c. 

The  attraction  is  ftrongeft  near  the  furface  of  the  magnet,  and  diminifhes  as  it  recedes 
from  it ; the  law  of  this  diminution  has  not  yet  been  afcertained. 

The  four  following  experiments,  accurately  made  by  Profefl'or  Mufchenbroek,  will  ex- 
hibit fome  of  the  irregularities  refpedling  magnetic  attraction.  In  thefc  experiments,  the 
magnet  was  fufpended  to  one  fcale  of  an  accurate  balance,  and  under  it  there  was  fucceflively 
placed  on  a table  at  different  diftances,  another  magnet,  or  piece  of  iron,  and  at  each  dif- 
tance, the  degree  of  attraction  between  the  iron  and  the  magnet  was  afcertained  by  weights 
put  into  the  other  fcale.  The  refults  were  as  follow ; 


Exp. 
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Exp.  i.  In  this  ex- 
periment a cylindrical 
magnet,  weighing  1 6 
drams,  was  fufpend- 
ed  to  the  fcale  ; and 
on  the  table  a piece 
of  iron  of  the  fame 
fliape  and  weight. 


■ - 

Dirt,  ill 

Attradt. 

inches. 

in  grains, 

6 — 

3 

c — 

3t 

4 — 

4P 

3 

6 

2 — 

9 

1 — 

18 

0 — 

57 

Exp.  ir.  A fpher- 
ical  magnet,  of  the 
fame  diameter  as  the 
laft,  but  of  greater 
ftrength,  was  affixed 
to  the  fcale,  and  the 
cylindrical  magnet 
ufed  in  the  preceding 
experiment,  was  pla- 
ced on  the  table. 


Did.  in 

Attradl. 

inches. 

in  grains. 

6 — 

21 

5 ~ 

27 

4 — 

34 

3 ~ 

44 

2 — 

64 

1 — 

100 

O — 

260 

Exp.  hi.  Inftead  of 
the  cylindrical  mag- 
net, the  cylinder  of 
iron  was  pla'ced  on 
the  table,  and  under 
the  globular  magnet. 


Dift.  in  Attract, 

inches.  in  grains. 

6—7 

5 — ’ 9t 

4—15 

3 — 25 

2 — 45 

1 — 92 

o — 340 


Exp.  iv.  A globe 
of  iron  of  the  fame 
diameter  as  the  mag- 
net, was  now  placed 
on  the  table. 


Dift.  in  Attradl. 

inches.  in  grains. 

8 — 1 

7 — 2 

6 ^ 3* 

5 — 6 

4 — 9 

3 — 16 

2 — 30 

1 — 64 

o — 290 


Cor.  It  appears  from  the  fecond  and  third  experiments,  that,  when  in  contact,  a mag- 
net attracts  another  magnet  with  lefs  force  than  it  does  a piece  of  iron.  This  has  been  con- 
firmed by  many  other  experiments.  But  the  attraction  between  the  two  magnets  begins  from 
a greater  diftance  than  between  the  magnet  and  iron  •,  hence  it  mult  follow  a different  law  of 
decrement. 


PROP.  III.  The  attraction  and  repulfion  of  magnetifm  is  not  fenfibly 
affeCted  by  the  interpofition  of  bodies  of  any  fort  except  thofe  which  are 
ferruginous. 

Exp.  1.  Suppofe  a magnet  placed  at  an  inch  diftance  from  a piece  of  iron  requires  an 
ounce  of  force  to  remove  it,  or,  which  is  the  fame  thing,  fuppofe  that  the  attraction  towards 
each  other  is  equal  to  one  ounce;  it  will  be  found  that  the  fame  degree  of  attraction  remains 
conftantly  unaltered,  though  a plate  of  other  metal,  glafs,  paper,  &c.  be  interpofed  between 
the  magnet  and  the  iron,  or  though  they  be  inclofed  in  feparate  boxes  of  glafs  or  other  matter. 

2.  Move  ftecl  filings  placed  on  a brafs  plate,  in  water,  &c.  by  holding  a magnet  under 
the  veffel. 

3.  Sprinkle  fteel  dud  on  a ffieet  of  paper,  under  which  is  placed  a magnet,  or  two 
magnets,  having  their  poles  oppofite  to  each  other,  and  at  the  diftance  of  about  an  inch. 

4.  A needle  under  an  exhauded  receiver,  will  be  attraCled  at  the  fame  diftance  as  in  the 
open  air. 

* n 

b 2 
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ScHOL.  i.  Heat  weakens  the  power  of  a magnet ; and  a white  heat  deftroys  it  entirely,, 
Hence  it  appears,  from  this  caufe  alone,  befides  others  which  may  concur,  the  power  of  a 
magnet  mult  be  continually  varying. 

Schol.  2.  The  attradlive  power  of  a magnet  may  be  increafed  confiderably  by  gradually 
adding  more  weight  to  it ; for  it  is  found  that  a magnet  will  keep  fufpended  on  one  day  a 
little  more  weight  than  it  did  the  preceding  ; which,  additional  weight  being  added  to  it  on 
the  following  day,  it  will  be  found  that  the  magnet  can  keep  fufpended  a weight  ftill  greater, 
and  fo  on,  as  far  as  to  a certain  limit. 

On  the  contrary,  by  putting  a very  fmall  weight  of  iron  to  it,  the  magnet  may  gradually 
Iofe  much  of  its  flrength. 

J 

Schol.  3.  Among  natural  magnets,  the  fmallefl  generally  poflefs  a greater  attractive 
power,  in  proportion  to  their  fize,  than  thofe  which  are  larger. 1 There  have  been  natural 
magnets  not  exceeding  20  or  30  grains,  which  would  lift  a piece  of  iron  that  weighed  40 
or  50  times  more  than  themfelves.  A fmall  magnet,  worn  by  Sir  I.  Newton  in  a ring, 
weighing  but  about  3 grains,  is  faid  to  have  taken  up  746  grains,  or  nearly  250  times  its 
own  weight.  And  Mr.  Cavallo  has  feen  one  of  6 or  7 grains  weight,  which  was  capable  of 
lifting  a weight  of  300  grains.  But  magnets  of  two  pounds  and  upwards,  feldom  lift  up 
ten  timefe  their  own  weight  of  irom 

PROP.  IV.  The  magnetic  power  may  be  communicated  from  the 
load  (tone  ; and  from  one  piece  of  iron  to  another,  which  then  becomes 
an  artificial  magnet  ; and  this  communication  of  power  is  without  ap-> 
parent  lofs  of  power  in  the  loadftone. 

Exp.  1.  Take  a bar  of  foft  iron,  about  three  feet  long  and  one  inch  thick,  (fome  kitchen 
pokers  will  anfwer  for  this  experiment)  and  place  it  upright,  or  rather  in  the  magnetical 
line.  Then  prefent  a magnetic  needle  to  the  various  parts  of  the  bar  from  top  to  bottom, 
and  the  lower  half  of  the  bar  will  be  pofiefled  of  the  north  polarity,  capable  of  repelling 
the  north,  and  of  attradling  the  fouth  pole  of  the  needle,  and  the  upper  half  is  pofiefled  of 
the  fouth  polarity.  The  attradiion  is  ftrongeft  at  the  very  extremities  of  the  bar,  it  dimin- 
ifhes  as  it  recedes  from  them,  and  vanifhes  about  its  middle  point. 

If  the  bar  is  turned  upfide  down,  the  fouth  pole  will  become  north,  and  the  north  will 
become  the  fouth  pole.  In  the  fouthern  parts  of  the  globe,  the  lower  part  is  a fouth  pole  j or 
more  generally,  the  extremities  of  the  bar  will  acquire  the  polarities  correfponding  to  the 
nearelt  poles  of  the  earth. 

If  an  iron  bar  be  left  a long  time  in  the  diredlion  of  the  magnetic  line,  or  even  in  a perpen- 
dicular pollure,  it  will  fometimes  acquire  a great  magnetic  power.  Tongs,  pokers,  &c.  by 
being  often  heated,  and  fet  to  cool  again  in  an  eredl  pollure,  frequently  acquire  a confiderable 
magnetic  virtue.  Magnetifm  is  often  communicated  to  iron  and  fleel  by  repeated  blows  of 
the  hammer  : by  fome  experiments  of  Mr.  Cavallo,  it  appears  that  this  effedl  is  often  pro- 
duced on  brafs,  hence  it  is  neceflary  carefully  to  examine  the  brafs  before  it  is  ufed  in  the 
conftrudtion  of  thecdolities,  &c> 

2.  Place 
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2.  Place  two  magnets  A and  D in  a right  line,  fo  that  the  north  end' of  the  one  is  oppofed 
to  the  fouth  end  of  the  other,  and  at  fuch  a diftance  that  the  bar  to  be  touched  may  reft  upon 
. them.  Take  now  two  other  bars,  D and  E,  and  apply  the  north  end  of  D,*  and  the  fouth 
end  of  E to  the  middle  of  the  untouched  bar  C,  elevating  their  other  ends  fo  as  to  make  an 
acute  angle  with  the  faid  bar. 

Separate  the  bars  D and  E,  drawing  them  different  ways  along  the  furface  of  C,  but  pre- 
ferring the  fame  elevation  : then  removing  the  bars  D and  E to  the  diftance  of  a foot  or 
more  from  the  bar  C,  and  bringing  the  north  and  fouth  ends  into  contact,  and  then  apply 
them  again  to  the  middle  of  C.  This  procefs  being  repeated  feveral  times  to  each  furface 
of  the  bar  C,  it  will  be  found  to  have  acquired  a ftrong  and  permanent  magnetifm. 

Schol.  r.  The  magnetic  virtue  may  be  readily  communicated  by  the  horfe-fhoe  magnet, 
much  in  the  fame  way  as  in  the  preceding  experiment. 

Schol.  2.  A fmall  compafs  needle  may  be  touched  by  being  put  between  the  oppofite 
poles  of  two  magnetic  bars  : Whilft  it  is  receiving  the  magnetifm,  it  will  be  violently 
agitated,  moving  backwards  and  forwards  as  if  it  were  animated  •,  and  when  it  has  received 
as  much  magnetifm  as  it  can  acquire  in  this  way,  it  becomes  quiefcent'. 

Another  method  of  communicating  magnetifm  to  a compafs  needle,  is  by  means  of  the 
combined  horfe-fhoe  magnet,  from  the  centre  of  which  draw  that  half  of  the  needle  which 
is  to  have  the  contrary  pole  ; from  a confiderable  diftance  draw  the  needle  over  it  again. 
This  repeated  twenty  times  or  more,  and  the  fame  for  the  other  half,  will  fufliciently  com-^ 
municate  the  power. 

3.  Take  twelve  bars,  fix  of  foft  Heel,  and  fix  of  hard,  the  former  to  be  each  three' 
inches  long,  4 of  an  inch  broad,  of  an  inch  thick  j with  two  pieces  of  iron,  each 
half  the  length  of  one  of  the  bars,  but  of  the  fame  breadth  and  thicknefs.  The  6 hard  bar§ 
to  be  each  54  inches  long,  4 an  inch  broad,  and  of  An  inch  thick,  with  two  pieces  of 
iron  of  half  the  length  but  of  the  fame  breadth  and  thicknefs  of  one  of  the  hard  bars  ; and 
let  all  the  bars  be  marked  with  a line  quite  round  them  at  one  end  ; then  take  an  iron  poker 
and  tongs,  or  two  bars  of  iron,  the  larger  they  are,  and  the  longer  they  have  been  ufed,  the 
better  •,  and  fixing  the  poker  upright,  or  rather  in  the  magnetical  line,  between  the  knees,' 
hold  to  it,  near  the  top,  one  of  the  foft  bars,  having  its  marked  end  downwards,  by  a piece 
of  fewing  filk,  which  muft  be  pulled  tight  by  the  left  hand  that  the  bar  may  not  Hide  : then 
grafping  the  tongs  with  the  right  hand,  a little  below  the  middle,  and  holding  them  nearly 
in  a vertical  pofition,  let  the  bar  be  ltroked  by  the  lower  end  from  the  bottom  to  the  top 
about  10  times  on  each  fide,  which  will  give  it  a magnetic  power  fuilicient  to  lift  a fmall- 
key  at  the  marked  end  : which  end,  if  the  bar  were  fufpended  on  a point,  would  turn  to- 
wards the  north,  and  is  therefore  called  the  north  pole  ; and  the  unmarked  end,  for  the  fame 
reafon,  is  called  the  fouth  pole.  Four  of  the  foft  bars  being  impregnated  after  this  manner, 
lay  the  other  two  parallel  to  each  other,  at  a quarter  of  an  inch  diftance,  between  the  two 
pieces  of  iron  belonging  to  them,  a north  and  a fouth  pole  again  ft  each  piece  of  iron  ; then 
take  two  of  the  four  bars  already  made  magnetical,  and  place  them  together  fo  as  to  make  a 

a double 

* Note.  The  north  ends  of  magnetic  bars  arc  generally  marked  with  a crofs,  or  flraight  line,  as  are  alfo  the? 
north  ends  of  the  horfe-fhoe,  or  any  other  fhaptd  magnets. 
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a double  bar  in  thicknefs,  the  north  pole  of  one  even  with  the  fouth  pole  of  the  other  ; and 
the  remaining  two  being  put  to  thefe,  one  on  each  fide,  fo  as  to  have  two  north,  and  two 
fouth  poles  together,  feparate  the  north  from  the  fouth  poles  at  one  end  by  the  interpofition 
of  fome  hard  fubftance  I,  and  place  them  perpendicularly  with  that  end  downward  on  the 
middle  of  one  of  the  parallel  bars  AC,  the  two  north  poles  towards  its  fouth  end,  and  the 
two  fouth  poles  towards  its  north  end.  Slide  them  three  or  four  times  backward  and  for- 
ward the  whole  length  of  the  bar  ; then  removing  them  from  the  middle  of  this  bar,  place 
them  on  the  middle  of  the  other  bar  BD  as  before  directed,  and  go  over  that  in  the  fame 
manner  •,  then  turn  both  the  bars  the  other  fide  upwards,  and  repeat  the  former  operation  : 
this  being  done,  take  the  two  from  between  the  pieces  of  iron  ; and  placing  the  two  outer-r 
mod  of  the  touching  bars  in  their  (lead,  let  the  other  two  be  the  outer-mod  of  the  four  to  touch 
thefe  with  ; and  this  procefs  being  repeated  till  each  pair  of  bars  have  been  touched  three  or 
four  times  over,  which  will  give  them  a confiderab'e  magnetic  power. 

When  the  fmall  bars  have  been  thus  rendered  magnetic,  in  order  to  communicate  the 
magnetifm  to  the  large  bars,  lay  two  of  them  on  the  table,  between  their  iron  conductors, 
as  before  : then  form  a .compound  magnet  with  the  fix  fmall  bars,  placing  three  of  them 
with  the  north  poles  downwards,  and  the  three  others  with  the  fouth  poles  downwards. 
Place  thefe  two  parcels  at  an  angle,  as  was  done  with  four  of  them,  the  north  extremity 
of  the  one  parcel  being  put  contiguous  to  the  fouth  extremity  of  the  other,  and,  with 
this  compound  magnet,  ftrcke  four  of  the  large  bars,  Qne  after  another  about  twenty  times 
on  each  fide,  by  which  means  they  will  acquire  fome  magnetic  power. 

When  the  four  large  bars  have  been  fo  far  rendered  magnetic,  the  fmall  bars  are  laid  afide, 
and  the  large  ones  are  flrengthened  by  themfelves,  in  the  manner  as  was  done  with  the  fmall 
bars. 

To  expedite  the  operation,  the  bars  ought  to  be  fixed  in  a groove,  or  between  brafs  pins, 
otherwife  the  attraction  and  friCtion  between  the  bars  will  be  continually  deranging  them, 
when  placed  between  the  conductors. 

This  whole  procefs  may  be  gone  through  in  about  \ an  hour,  and  each  of  the  large  bars, 
if  well  hardened,  will  lift  about  28  ounces  Troy,  and  they  are  fitted  for  all  the  purpofes  of 
magnetifm,  in  navigation  and  experimental  philofofophy.  The  half  dozen  being  put  into  a 
cafe  in  fuch  a manner  as  that  no  two  poles  of  the  fame  name  may  be  together,  and  their 
irons  with  them  as  one  bar,  they  will  retain  the  virtue  they  have  received  ; but  if  their 
power  fliould,  b.y  making  experiments,  be  ever  fo  much  impaired,  it  may  be  reftored  without 
any  foreign  affiftance  in  a few  minutes. 

This  method  of  communicating  magnetifm  was  fent  to  the  Royal  Society  by  Mr.  Canton, 
in  the  year  j 75  r. 

PROP.  V.  Two  magnets  having  a free  motion,  will  attradt  when 
different  poles  are  directed  towards  each  other,  and  repel  when  the 
adjacent  poles  are  of  the  fame  name. 

Exp.  A needle  turning  on  its  centre  will  be  attracted  or  repelled  by  another,  as  different, 
pr  the  fame  poles  are  brought  near  to  each  other, 
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Schol.  i.  if  the  magnetic  powers  are  very  unequal,  or  the  two  bodies  are  forcibly 
brought  together,  they  will  attract  with  the  fame  poles. 

Exp.  r.  Sufpend  a magnet  by  a thread,  and  let  a fmall  needle  be  brought  near  it  at  the 
fame  poles. 

2.  Bring  two  very  unequal  needles  into  contact  at  the  fame  poles,  fufpended  in  the  fame 
manner,  they  will  cohere. 

Schol.  2.  The  following  experiments  will  fnew  the  attraction  of  the  magnet  on  ferru- 
ginous bodies  which  are  not  magnetic. 

Properly  fpeaking,  however,  the  magnet  has  no  adtion  upon  unmagnetic  bodies,  for  any 
ferruginous  body  becomes  magnetic,  on  being  prefented  to  the  magnet,  and  then  is  attracted’ 
by  it. 

Exp.  i.  Place  a magnetic  needle  upon  a pin  {tuck  on  a table,  and  when  it  {lands  Heady, 
place  an  iron  bar  8 inches  long,  and  ■§  an  inch  thick  upon  the  table,  fo  that  one  end  of  it 
may  be  on  one  fide  of  the  north  pole  of  the  needle,  and  near  enough  to  draw  it  a little  out 
of  its  natural  direction,  in  this  fituation  approach  gradually  the  north  pole  of  a magnet  td 
the  other  extremity  of  the  bar,  and  you  will  lee  that  the  needle’s  north  end  will-  recede  from 
the  bar,  in  proportion  as-  the  magnet  is  brought  nearer  to  the  bar. 

The  reafon  of  this  phenomenon  is,  that,  by  the  approach  of  the  north  pole  of  the  magnet* 
in  the  firft  cafe,  the  extremity  of  the  iron  bar  next  to  it,  acquires  a fouth  polarity,  and 
confequently,  the  oppofite  extremity  acquires  a north  polarity,  by  which  the  needle  is  re- 
pelled : but  in  the  fecond  cafe,  when  the  north  pole  of  the  magnet  is  brought  near  tlie  bar, 
the  end  of  the  bar  next  to  it  acquires  a fouth  polarity,  and  the  oppofite  end  acquiring  the 
north  polarity,  caufes  the  north  end  of  the  needle  to  recede. 

2.  Tie  two  pieces  of  foft  iron  wire,  AB,  AB,  each  to  a feparate  thread  AC,  which  join 
at  top,  and  fufpend  them  on  a pin  fo  that  the  wires  may  hang  at  fome  diltance  from  the  wall. 
Then  bring  the  marked  end  D of  a magnetic  bar  juft  under  them,  and  it  will  be  feen  that 
the  wires  repel  each  other  more  or  lefs  in  proportion  to  the  dillance  of  the  magnet.  The 
fame  may  be  {hewn  by  means  of  the  fouth  pole  of  the  magnet. 

If  the  wires  be  of  foft  iron,  they  will,  on  removing  the  magnet,  foon  collapfe  ; but  if 
fteel  wires,  or  two  fewing  needles  be  ufed,  they  will  retain  their  magnetic  virtue,  and  con- 
tinue to  repel  each  other. 

3.  Take  four  pieces  of  fteel  wire,  or  four  common  fewing  needles,  tie  threads  to  them, 
and  join  them  two  and  two  as  in  the  laft  experiment ; then  bring  the  fame  pole  of  the 
magnet  under  both  pairs,  by  which  means  they  will  acquire  a permanent  magnetifm,  and 
the  wires  of  each  pair  will  repel  each  other.  After  putting  the  magnet  afide,  bring  one 
pair  of  the  wires  near  the  other  pair,  fo  that  their  lower  extremities  may  be  level,  and  the 
four  wires  will  repel  each  other,  and  form  a kind  of  fquare. 

4.  Strew  fome  iron  filings  upon  a flieet  of  paper  laid  on  a table,  and  place  a final!  arti- 
ficial magnet  among  them,  then  give  a few  gentle  knocks  to  the  table  with  the  hand,  fo 
as  to  {hake  the  filings,  and  they  will  difpofe  thcmfelyes  round  the  bar  in  the  manner  repre- 
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fented  by  the  figure  ; many  particles  clinging  to  one  another,  and  forming  themfelves  into 
lines,  which  at  the  very  poles,  are  in  the  fame  direction  with  the  axis  of  the  magnet  ; a 
little  Tideways  of  the  poles  they  begin  to  bend,  and  then  they  form  complete  arches,  reaching 
from  a point  in  the  north  half  of  tire  magnet  to  a point  in  the  other  half,  which  is  poffeffed 
of  the  fouth  polarity. 

5.  Tie  a thread  to  one  end  of  a bit  of  foft  iron  wire  AB,  about  four  inches  long,  and 
fufpend  it  freely  ; let  a bar  of  foft  iron  CD  be  fo  fupported,  as  to  have  one  of  its  extremities 
C about  £ of  an  inch  diftant  from  the  lower  extremity  B of  the  wire.  Bring  now  either 
pole  of  a ftrong  magnet  EF  under  it,  and  the  end  B of  the  wire  will  recede  from  C,  becaufe 
they  are  both  poffefled  of  the  fame  polarity  : but  if  the  magnet  be  applied  to  the  upper  part 
of  the  wire,  in  the  fituation  GH,  then  the  end  B of  the  wire  will  be  attracted  by  the 
extremity  C of  the  iron  bar,  becaufe,  fuppofing  G to  be  north  pole  of  the  magnet,  C acquires 
a fouth  polarity,  and  attracts  the  end  B ; becaufe  B being  fartheft  from  the  north  pole  G, 
acquires  alfo  the  north  polarity. 

’1. 

Schol.  3.  Hence  methods  are  eafily  devifed  to  afcertain  whether  a body  poffeffes  any 
magnetifm,  and  in  cafe  it  does,  to  find  cut  the  poles, 

Exp.  I . To  afcertain  •whether  a body  has  any  attraElion  towards  the  magnet. 

If  the  body  contain  an  evident  quantity  of  iron,  it  will  be  perceived  as  foon  as  it  is 
brought  in  contadt  with  the  magnet,  as  a certain  force  will  be  required  to  feparate  them. 

If  the  body  be  not  fenfibly  attracted  by  the  magnet  in  this  way;  let  it  be  placed,  by 
means  of  a piece  of  cork  or  wood,  upon  fome  water,  or  mercury,  in  a common  foup  plate, 
in  which  fituation  let  a magnet  be  brought  Tideways  to  it,  and  the  attraction  will  be  manifeff 
by  the  body  coming  towards  the  magnet. 

2.  To  afcertain  whether  a given  body  has  any  magnetifm. 

The  only  difference  in  this  experiment  from  the  laft  is,  that  inftead  of  a magnet,  muff 
be  ufed  a piece  of  foft  clean  iron,  about  one  inch  long,  and  of  half  an  ounce  weight. 

3 . A magnetic  body  being  given  to  find  out  its  poles , 

Prefent  the  various  parts  of  the  furface  of  the  magnetic  body  fucceffively  to  one  of  the 
poles  of  a magnetical  needle,  and  the  parts  poffeffed  of  a contrary  polarity  will  be  difcovercd 
by  the  needle’s  Banding  perpendicularly  towards  them.  Then  prefent  the  various  parts 
of  the  furface  of  the  fame  body  to  the  other  pole  of  the  needle,  See, 

Def.  YIII.  There  is  a point  between  the  two  poles  where  the  magnet 
has  no  attraction  nor  repulfion,  this  point  is  called  the  magnetic  centre , 
though  it  is  not  always  exactly  between  the  poles. 

PROP.  VI.  If  a magnet  be  cut  through  the  middle,  or  any  way 
broken  in  two,  each  piece  will  become  a complete  magnet,  and  the  parts 
which  were  contiguous  will  become  oppofite  poles. 
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Exp.  i.  Take  a magnetic  bar  AB,  fix  or  eight  inches  long,  and  £ °f  an  I110!1  thick, 
having  only  two  poles  A and  B.  The  magnetic  centre  of  this  bar  will  be  in,  or  very  near, 
its  middle  C.  Now  if,  by  a fmart  ftroke  of  a hammer,  part  of  the  magnet  be  broken  off  as 
FB,  it  will  be  found  that  the  part  of  the  fragment  contiguous  to  the  fraCture  has  acquired 
the  contrary  polarity,  and  a magnetical  centre  E will  be  generated. 

At  firft  the  magnetic  centre  of  this  fragment  is  nearer  to  the  fracture  F,  but  in  time  it 
advances  towards  the  middle  of  the  fragment.  The  original  centre  C of  AF,  after  the 
fraCture,  will  likewife  advance  nearer  to  the  middle  of  it. 

2.  A fteel  bar,  of  the  fame . fize  as  that  mentioned  in  the  laft  experiment,  being  made 
.quite  hard,  may  be  broken  into  two  parts,  and  fo  prefled  together  as  to  appear  whole.  In 
this  fituation  it  may  be  rendered  magnetic  by  the  application  of  very  powerful  magnets  to 
its  extremities  ; and  the  whole  bar  will  be  found  to  have  two  poles  at  its  extremities,  and 
one  magnetic  centre  in  its  middle  ; but  if  the  parts  be  feparated,  each  will  be  found  to  have 
two  poles  and  a magnetic  centre. 

Cor.  Hence  it  is  feen  that  the  magnetic  centre  may  be  removed  ; — it  may  be  removed 
alfo,  by  ftriking  a magnetic  bar,  by  heating  it,  by  hard  rubbing,  & c. 

PROP.  VII.  Magnetifm  requires  fome  time  to  penetrate  through 
iron. 

Exp.  Place  a bulky  piece  of  iron,  weighing  4c  or  50  pounds,  fo  near  a magnetic  needle 
as  to  draw  it  a little  out  of  its  direction,  apply  one  of  the  poles  of  a ftrong  magnet  to  the 
other  extremity  of  the  iron,  and  feveral  feconds  will  be  required  before  the  needle  can  be 
affeCted  by  it.  The  interval  is  greater  or  lefs  according  to  the  fize  of  the  iron  and  the 
ftrength  of  the  magnet. 

Def.  IX.  A magnet  is  faid  to  be  armed  when  its  poles  are  furrounded 
with  plates  of  fteel  or  iron. 

PROP.  VIII.  A magnet  will  take  up  much  more  iron  when  armed \ 
than  it  can  alone. 

As  both  magnetic  poles  together  attraCt  a much  greater  weight  than  a fingle  one,  and  as 
the  two  poles  of  a magnet  are  generally  in  oppofite  parts  of  its  furface,  in  which  fituation, 
the  fame  piece  of  iron  cannot  be  adapted  to  them  both  at  the  fame  time  ; therefore  it  has 
been  common,  to  place  two  broad  pieces  of  foft  iron  to  the  poles  of  a magnet,  and  pro- 
jecting on  one  fide,  becaufe  in  that  cafe,  the  pieces  of  iron  being  rendered  magnetic,  another 
piece  of  iron  could  be  conveniently  adapted  to  their  projections,  fo  that  both  poles  may  aCt 
at  the  fame  time.  Thofe  pieces  of  iron  called  the  armature , are  generally  held  fall  upon 
the  magnet  by  means  of  a filvcr  or  brafs  box.  Thus  AB  reprefents  the  magnet,  CD,  CD 
reprefents  the  armature  or  pieces  of  iron,  the  projections  of  which  are  DD,  and  to  which 
the  piece  of  iron  F is  made  to  adhere.  The  dotted  lines  reprefent  the  brafs  box  having  a 
ring  E at  top  by  which  the  armed  magnet y be  fufpended.  In  this  manner  the  two  poles 
of  the  magnet,  winch  are  at  A and  B,  are  Cade  to  aCt  at  DD. 
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For  this  purpofe,  and  to  avoid  armature,  artificial  magnets  have  been  conftruCted  in  the 
fhape  of  a horfe-fhoe,  having  their  poles  in  the  truncated  extremities. 

PROP.  IX.  A magnetical  needle,  accurately  balanced  on  a pivot  or 
centre,  will  fettle  in  a certain  direction,  either  duly,  or  nearly  north 
and  fouth,  called  the  magnetical  meridian. 

This  is  known  by  long  experience. 

The  directive  power  of  the  magnet  is  the  mod  wonderful  arid  ufeful  part  of  the  fubjeCt. 
By  it  mariners  are  enabled  to  conduCt  their  veflels  through  vaft  oceans  in  any  given  direc- 
tion ; by  it  miners  are  guided  in  their  works  below  the  furface  of  the  earth  ; and  travellers 
conducted  through  defects,  otherwife  impaffable. 

The  ufual  method  is  to  have  an  artificial  magnet  fufpended,  fo  as  to  move  freely,  which 
will  always  place  itfelf  in  or  near  the  plane  of  the  meridian  north  and  fouth  : then  by 
looking  upon  the  direction  of  this  magnet  the  courfe  is  to  be  directed  fo  as  to  make  any 
required  angle  with  it.  Thus,  fuppofe  that  a vefiel  fetting  off  from  any  place  in  order  to 
go  to  another  which  is  due  well  of  the  former  ; in  that  cafe,  the  vefiel  mult  be  fo  directed 
that  its  courfe  may  be  always  at  right  angles  with  the  fituation  of  the  magnetic  needle,  the 
north  end  of  which  mull  be  to  the  right  hand.  A little  reflection  will  {hew  how  the  vefiel 
may  be  fleered  in  any  other  direction.  An  artificial  fteel  magnet  fitted  for  this  purpofe  in 
a proper  box,  is  called  the  mariner's  compafs,  or  fea  compafs,  or,  fimply,  the  compafs  ; which 
inftrument  is  too  well  known  to  need  any  particular  defeription.  The  mariner’s  compafs, 
with  the  addition  of  fights,  divided  circles,  See.  for  obferving  azimuths,  and  amplitudes  of 
the  heavenly  bodies,  is  called  the  azimuth  compafs. 

Def.  X.  The  deviation  of  the  horizontal  needle  from  the  meridian  ; 
or  the  angle  which  it  makes  with  the  meridian,  when  freely  fufpended 
in  an  horizontal  plane,  is  called  the  decimation  or  variation  of  the  needle . 

PROP.  X.  There  is  generally  a fmall  variation  in  the  direction  of 
the  magnetic  needle,  which  differs  in  degree  at  different  places  and  times. 

This  is  known  by  obferving  the  different  points  of  the  compafs  at  which  .the  fun  rifes  or 
fets,  and  comparing  them  with  the  true  points  of  the  fun’s  rifing  or  fetting,  according  to 
aftronomical  tables.  Thus,  if  the  magnetic  amplitude  is  8o°.  ealtward  of  the  north,  and 
the  true  amplitude  is  82°.  towards  the  fame  fide,  then  the  variation  of  the  needle  is  2°.  weft. 
The  variation  may  be  eftimated  from  the  azimuths  iiTthe  fame  way. 

Schol.  i.  A needle  is  continually  changing  the  line  of  its  direCtidn,  traverfing  flowly  to 
certain  limits  towards  the  call  and  weft.  The  firft  good  obfervatipns,  on  the  variations,  were 
made  by  Mr.  Burrowes  about  the  year  1580,  when  the  variation,  at  London,  was  1 1°.  15'.  eaft, 
and  fince  that  time  the  needle  has  been  moving  to  the  weftward  at  that  place  ; alfo  by  the  obfer- 
vations  of  different  perfons  it  has  been  found  to  point,  at  different  times,  as  in  the  following  table. 
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Objerncrs. 

Variation  E.  or  JV* 
0 / 

I580 

Burrowes. 

ii  15  Eaft. 

1723 

Graham. 

14  17  Weft. 

1622 

Gunter. 

5 5<> 

1747 

17  40 

1634 

Gellibrand. 

4 3 

1774 

Royal  Soc. 

21  1 6 

1640 

Bond. 

3 7 

1775 

Royal  Soc. 

21  43 

1657 

Bond.  ' 

0 0 

1776 

Royal  Soc. 

21  47 

1665 

Bond. 

1 23  Weft. 

1777 

Royal  Soc. 

22  12 

1666 

Bond. 

1 36 

00 

Royal  Soc. 

22  20 

1672 

— 
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Royal  Soc. 
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— 
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Royal  Soc. 

22  41 
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— 
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By  this  table  it  appears,  that  from  the  firft  obfervation  in  1580  till  1657,  the  change  in 
the  variation  at  London  was  1 1°.  15'.  in  77  years,  which,  at  a mean  rate,  is  nearly  9'.  a year. 
And  frpm  1657  to  1780,  it  changed  220.  41'.  which  is  at  the  rate  of  1 1'.  a year  nearly. 
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Near  the  equator,  in  long.  40°.  eaft,  the  higheft  variation  from  the  year  1700  to  1756, 
was  1 70.  15'.  weft  ; and  the  leaft  i<5°.  30'.  W.  In  lat.  150.  N.  and  long.  6o°.  W.  the  varia- 
tion was  conftantly  50.  E.  In  lat.  io°.  S.  and  long.  6o°.  E.  the  variation  decreafed  from  170. 
W.  to  70.  15'.  W.  In  lat.  io°.  S.  and  long.  50.  W.  it  increafed  from  2°.  15'.  to  120.  45'. 
W.  In  lat.  1 50.  N.  and  long.  20°.  W.  it  increafed  from  i°.  W.  to  90.  W.  In  the  Indian 
feas  the  irregularities  were  greater,  for  in  1700,  the  weft  variations  feem  to  have  decreafed 
regularly  from  long.  50°.  E.  to  long.  ioo°.  E.  ; but  in  175 <5,  the  variation  decreafed  fo  faft, 
that  there  was  eaft  variation  in  long.  8o°.  85°.  and  90°.  E.  and  yet,  in  long.  950.  and  ico°, 
E.  there  was  weft  variation. 

In  the  year  1775,  in  lat.  58°.  17'.  S.  and  long.  348°.  1 6'.  E.  it  was  o°.  1 6'.  W.  In  lat. 
2°;  24'.  N.  and  long.  320.  12'.  W.  it  was  o°.  14'.  45".  W.  In  lat.  50°.  6'.  30".  N.  and  long. 
4°.  o'.  W.  it  was  1 90.  28'.  W. 


Schol.  2.  The  variation  of  the  needle  is  affe&ed  by  heat  and  cold.  The  following  is 
the  refult  of  obfervations  made  by  Mr.  Canton  at  different  hours  of  the  day,  and  alio  the 
mean  variation  for  each  month  in  the  year. 
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The  Declination  obferved  at  different  Hours  of  the 
fame  day. 


The  mean  Variation  for  each  Month 
in  the  Year. 


Morning 


Hours. 


r ° 


Afternoon  < 


3 

7 

9 


l 11 


June  27,  1759. 


Min. 

Declin. 

Weft. 

Degrees  of  the 
Thermometer. 

18 

12° 

2' 

62° 

4 

18 

58 

62 

30 

18 

55 

6S 

2 

18 

54 

67 

20 

18 

57 

69 

40 

*9 

4 

68|- 

5° 

19 

9 

70 

38 

*9 

8 

70 

10 

*9 

8 

68 

20 

18 

59 

61 

12 

*9 

6 

59 

40 

18 

51 

57t 

January 

f 

• if 

7 8 

February 

- 

t. 

8 58 

March 

- 

- 

1 1 17 

April 

*• 

- 

12  26 

May 

- 

13  0 

June 

- 

- 

13  21 

J^y 

- 

- 

13  r4 

Auguft 

- 

12  19 

September 

- 

- 

n 4J 

Odbober 

- 

- 

10  3 6 

November 

<0 

- 

8 9r 

December 

mi 

- 

6 58 

PROP.  XI.  A needle  which,  before  it  receives  the  magnetic  power, 
refts  on  its  centre  parallel  to  the  horizon,  on  becoming  magnetical  will  in- 
cline towards  the  earth  : this  is  called  the  inclination  or  dip  of  the  needle, 

Exp.  Let  a fmall  dipping  needle  be  carried  from  one  end  of  a magnetic  bar  to  the  other  \ 
when  it  hands  over  the  fouth  pole,  the  north  end  of  the  needle  will  be  directed  perpendic- 
ularly to  it  5 as  the  needle  is  moved,  the  dip  will  grow  lefs,  and  when  it  comes  to  the 
magnetic  centre  it  will  be  parallel  to  the  bar;  afterwards  the  fouth  end  will  dip,  and  the 
needle  will  hand  perpendicular  to  the  bar  when  it  is  direddly  over  the  north  pole. 

Schol.  1.  This  property  of  the  magnetic  needle  was  difeovered  accidentally  by  Robert 
Norman,  a compafs  maker  at  Radcliffe,  about  the  year  157 6.  He  relates,  that  it  being 
his  cuftom  to  finifh  and  hang  up  the  needles  of  his  compaffes,  before  he  touched  them,  he 
found  that  immediately  after  the  touch,  the  north  point  would  always  dip  or  incline  down- 
ward, pointing  in  a diredbion  under  the  horizon ; fo  that,  to  balance  the  needle  again  he 
was  forced  to  put  a piece  of  wax  on  the  fouth  end  as  a counterpoife.  The  conftancy  of  the 
effedb  led  him  to  meafure  the  angle  which  the  needle  would  make  with  the  horizon,  and  he 
found  it  at  London  to  be  71°.  50'. 

It  is  not  yet  abfolutely  afeertained  whether  the  dip  varies  at  the  fame  place  ; it  is  now, 
and  has  been  fince  the  year  1772,  about  720.  according  to  feveral  obfervations  made  by  Mr. 
Nairne  and  the  Royal  Society.  The  trifling  difference  between  the  firft  obfervations  of 
Mr.  Norman,  and  thefe  laft  of  Mr.  Nairne,  &c.  leads  us  to  fuppofe  that  the  dip  is  un- 
alterable at  the  fame  place. 
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It  is  certain,  however,  that  the  dip  is  different  in  different  latitudes,  and  that  it  increafes  in 
going  northward.  It  appears  from  a table  of  obfervations  made  with  a marine  dipping 
needle  of  Mr.  Naifne’s,  in  a voyage  towards  the  north  pole  in  1773,  that 

or  o > 

In  latitude  60  18,  the  dip  was  75  o. 

In  latitude  70  45.,  the  dip  was  77  52. 

In  latitude  80  12,  the  dip  was  81  52. 

In  latitude  80  27,  the  dip  was  82  2*. 

See  PhiU  Tranf.  Vol.  lxv. 

....  1 v*  ■ - - - ’ 4 * 4 •"  ' *■  — * - * 

Schol.  2.  The  phenomena  of  the  compafs,  and  the  dipping  needle,  and  of  the  mag-* 
netifm  acquired  by  an  iron  bar  in  a vertical  pofition,  leave  no  room  to  doubt  but  that  the 
caufe  exifts  in  the  earth.  Dr.  Halley  fuppofed  that  the  earth  has  within  it  a large  magnetic 
globe,  not  fixed  within  to  the  external  parts,  having  four  magnetic  poles,  two  fixed  and 
two  moveable,  which  will  account  for  all  the  phenomena  of  the  compafs  and  dipping 
needle.  This  would  make  the  variation  fubjedl  to  a conftant  law,  whereas  we  find  cafual 
changes  which  cannot  be  accounted  for  upon  this  hypothefis.  This  the  dodlor  fuppofesmay 
arife  from  an  unequal  and  irregular  diftribution  of  the  magnetical  matter.  The  irregular 
diftribution  alfo  of  ferruginous  matter  in  the  fhell  may  likewife  caufe  fome  irregularities. 

Mr.  Cavallo’s  opinion  is,  that  the  magnetifm  of  the  earth  arifes  from  the  magnetic  fub- 
ftances  therein  contained,  and  that  the  magnetic  poles  may  be  confidered  as  the  centres  of 
the  polarities  of  all  the  particular  aggregates  of  the  magnetic  fubftances  ; and  as  thefe  fub- 
ftances are  fubjeft  to  change,  the  poles  will  change.  Perhaps  it  may  not  be  eafy  to  conceive 
how  thefe  fubftances  can  have  changed  fo  materially,  as  to  have  caufed  fo  great  a variation 
in  the  poles,  the  pofition  of  the  compafs  having  changed  from  the  eaft  towards  the  weft 
about  330.  in  200  years.  Alfo  the  gradual,  though  not  exaftly  regular  change  of  varia- 
tion {hews,  that  it  cannot  depend  upon  the  accidental  changes  which  may  take  place  in  the 
matter  of  the  earth. 

Mr.  Churchman  of  America,  fays,  there  are  two  magnetic  poles  of  the  earth,  one  to  the 
north,  and  the  other  to  the  fouth,  at  different  diftances  from  the  poles  of  the  earth,  and 
revolving  in  different  times  ; and  from  the  combined  influence  of  thefe  two  poles,  he 
deduces  rules  for  the  pofition  of  the  needle  in  all  places  of  the  earth,  and  at  all  times,  pafty 
prefent,  or  to  come. 

The  north  magnetic  pole,  he  fays,  makes  a complete  revolution  in  426  years,  77  days, 
9 hours,  and  the  fouth  pole  in  about  5459  years.  In  the  beginning  of  the  year  1777,  the 
north  magnetic  pole  was  in  76°.  4'.  north  latitude  ; and  in  longitude  from  Greenwich  140°^ 
eaft  j and  the  fouth  was  in  720.  fouth  latitude,  140°.  eaft  from  Greenwich. 
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ELECTRICITY. 

Def.  I.  r 1 1HE  earth,  and  all  bodies  with  which  we  are  acquainted, 
JL  are  fuppofed  to  contain  a certain  quantity  of  an  exceeding- 
ly elaftic  fluid,  which  is  called  the  electric  fluid. 

Schol.  This  certain  quantity  belonging  to  all  bodies,  may  be  called  their  natural  (hare  ; 
and  fo  long  as  each  body  contains  neither  more  nor  lefs  than  this  quantity,  it  feems  to  lie 
dormant,  and  to  produce  no  effea. 

Def.  II.  When  any  body  becomes  poflefled  of  more,  or  lefs  than  its 
natural  quantity,  it  is  faid  to  be  electrified,  and  is  capable  of  exhibiting 
appearances  which  are  afcribed  to  the  power  of  electricity. 

Schol.  This  equilibrium  could  never  be  difturbed,  or,  if  it  was  difturbed,  would  be 
immediately  reftored,  and  therefore  be  infenfible  ; but  that  fome  bodies  do  not  admit  the 
paflage  of  the  eledlric  fluid  through  their  pores,  or  along  their  furfaces,  though  others  do. 

> -s  f I •' 

Def.  III.  When  a body  has  acquired  an  additional  quantity  of  ele&ric 
matter  ; or  loft  a part  of  what  naturally  belonged  to  it,  and  it  is  at  the 
fame  time  furrounded  by  bodies  through  which  it  cannot  pafs,  it  mufl 
remain  in  that  ftate,  and  is  faid  to  be  inf  dated. 

• * ■ * • * ' ' • r 

• • * ■ . . # 

PROPOSITION  I. 

The  Electric  Fluid,  being  excited,  becomes  perceptible  to  the 

fenfes. 

Exp.  i.  Let  a long  glafs  tube  be  rubbed  with  the  hand,  or  with  a leathern  cufhion  ; the 
elearic  fluid,  being  thus  excited,  will  attraa  light  fubftances,  and  give  a lucid  fpark  to  the 
finger,  or  any  metallic  fubftance,  brought  near  it. 

The  glafs  tube  is  called  the  eteftric , and  all  thofe  bodies  which  are  capable,  by  any 
means,  to  produce  fuch  efleas,  are  called  eleElrics.  The  hand,  or  any  other  body  that  rubs 
an  elearic,  is  called  the  rubber. 

2.  As  the  exciting  a tube  is  very  laborious  for  the  operator,  and  the  elearicity  procured 
by  that  means  is  fmall  in  quantity  j globes  and  cylinders  are  ufed  for  this  purpofe.  Thefe, 
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by  a proper  apparatus,  are  made  to  revolve  on  their  axes,  and  a rubber  of  leather  is  applied 
to  the  equatorial  parts  of  the  revolving  glafs,  which  become  electrical  by  the  friCtion.  The 
eledtricity  of  the  globe,  or  cylinder,  is  received  by  a metallic  conductor  infulated  on  a glafs 
fupporter. 

A cylinder  or  globe  thus  fitted  up  is  called  an  eleCtrical  machine.  C reprefents  a glafs 
cylinder  about  one  foot  in  diameter  and  20  inches  long,  which  is  turned  by  means  of  a 
wheel;  the  rubber  or  cufhion  is  fupported  behind  the  cylinder  by  two  upright  fprings  that 
appear  beneath,  and  are  fattened  to  two  crofs  bars  of  glafs.  B is  a metallic  conductor,  fup- 
ported on  two  pillars  of  glafs  : from  the  end  nearelt  to  the  cylinder  iffue  feveral  points,  and 
at  the  other  end  the  ball  E projects  by  means  of  a wire.  Sparks  given  by  the  conductor  of 
a machine  of  this  conltruCt'ion  and  magnitude  are  from  fz  to  14  inches  long.  A chain  D 
muft  conneCt  the  rubber  with  the  earth. 

Schol.  x.  In  all  experiments  in  eleCtricity  the  greateft  care  fhould  be  taken  to  keep 
every  part  of  the  apparatus  clean,  and  as  free  as  poflible  from  dull  and  moifture.  When 
the  weather  is  clear,  and  the  air  dry,  el'pecially  in  clear  frolty  weather,  the  eleCtrical 
machine  will  always  work  well.  But  in  very  hot,  or  damp  weather,  the  machine  is  not  fo 
powerful. 

Before  the  machine  is  u fed  the  cylinder  fhould  be  wiped  firft  very  clean  with  a foft  linen 
cloth  ; and  afterwards  with  a clean  hot  flannel,  or  old  (ilk  handkerchief. 

Sometimes  it  will  be  neceffary  to  apply  to  the  rubber  a very  fmall  quantity  of  amalgam 
made  with  one  part  of  zinc,  and  four  or  five  of  mercury. 

Schol.  2.  RefpeCting  the  theory  of  eleCtricity,  there  are  two  different  hypotliefes,  one 
that  there  is  only  one  fluid,  and  the  other  that  there  are  two.  Dr.  Franklin’s  hypothefis  is 
the  former,  and  it  depends  on  the  following  principles.  (1)  That  all  terreftrial  bodies  are 
full  of  the  ele&ric  fluid.  (2)  That  the  eleCtric  fluid  violently  repels  itfelf,  and  attracts  all 
other  matter.  (3)  By  exciting  an  eleCtric  the  equilibrium  of  the  eleCtric  fluid  contained  in 
it  is  deftroyed,  and  one  part  contains  more  than  its  natural-  quantity,  and  the  other  lefs. 
(4)  Conducting  bodies,  connected  with  that  part  which  contains  more  eleCtric  fluid  than  its 
natural  quantity,  receive  it,  and  are  charged  with  more  than  their  natural  quantity ; this  is 
called  pofitive  eleCtricity  ; if  they  be  connected  with  that  part  which  has  lefs  than  its  natural 
quantity,  they  part  with  fonre  of  their  own,  and  contain  lefs  than  their  natural  quantity  ; 
this  is  called  negative  eleCtricity.  (5)  When  one  body  pofitively  and  another  negatively 
eleCtrified  are  connected  by  any  conducting  fubltance,  the  fluid  in  the  body  which  is  pofitively 
electrified  rufhes  to  that  which  is  negatively  eleCtrified,  and  the  equilibrium  is  reffored. 
Thefe  are  the  principles  of  pofitive  and  negative  eleCtricity.  The  other  hypothefis  is,  that 
there  are  two  diftinCt  fluids,  which  was  fuggefted  by  M.  Du  Faye,  upon  his  difcoverv  of 
the  different  properties  of  excited  glafs,  and  excited  refins,  fealing-wax,  Sec.  The  follow- 
ing are  the  principles  of  this  theory.  (1)  That  the  two  powers  arife  from  two  different 
fluids  which  exift  together  in  all  bodies.  (2)  That  thefe  fluids  are  fepUrated  in  non-eleCtrics, 
by  the  excitation  of  eleCtrics,  and  from  thence  they  become  evident  to  the  fenfes,  they 
deftrerying  each  other’s  effeCts  when  united.  (3)  When  feparated  they  rufh  together  again 
with  great  violerroe,  in  confequence  of  their  ftrong  mutual  attraction  as  foon  as  they  are 
connected  by  any  conducting  fubltance.  Thefe  are  the  principles  of  vitreous  and  refimus 
eleCtricity. 
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PROP.  II.  The  eledtric  fluid  pafles  eafily  along  the  furfaces  of  fome 
bodies  ; whilfl;  other  bodies  do  not  convey  it  : the  former  are  called  Con-* 
duSiors , the  latter  Non-conduEtors , or  EleElrics. 

Exp.  The  metallic  cylinder  being  fixed  upon  glafs  fupporters,  and  placed  near  the 
..eledtric  machine,  will,  by  means  of  pointed  wires,  receive  the  eledtric  fluid  from  the  glafs 
cylinder,  and  the  fluid  will  be  diffufed  over  the  whole  furface  of  the  metallic  cylinder,  from 
whence  it  cannot  pafs  through  the  glafs  fupporters  which  are  eledtric,  but  may  be  conveyed 
away  by.  any  metallic  or  other  condudting  fubftances,  brought  near,  or  into  contadt  with  it, 
This  metallic  cylinder  is  called  the  Prime  Conduffor,  or  the  ConduElor. 

PROP.  III.  Some  condudtors  are  more  perfedt  than  others  j and  the 
eledtric  fluid  pafles  through  that  which  is  molt  perfedt. 

Exp.  The  fluid  will  pafs  through  a wire  held  in  the  hand. 

Schol.  i.  The  following  bodies  are  condudtors  and  eledtrics,  difpofed  in  the  order  of 
their  degrees  of  perfedtion  : Conductors  ; gold,  filver,  copper,  brafs,  iron,  tin,  quick- 
filver,  lead,  the  femi-metals,  ores,  charcoals,  water,  ice,  fnow,  falts,  foft  Hones,  fmoke, 
(team  : Non-Conductors,  or  Electrics  ; glafs,  and  all  vitrifications,  even  thofe  of 
metals  ; precious  Hones,  refins,  gums,  amber,  fulphur,  baked  wood,  bituminous  fubftances, 
wax,  filk,  cotton,  feathers,  wool,  hair,  paper,  air,  oil,  hard  {tones*  Many  eledtrics  be.? 
come  condudtors,  when  heated,  and  all  when  moiftened. 

Schol.  2.  Glafs  veflels,  made  for  eledtrical  purpofes,  are  often  rendered  very  good  elec- 
trics, by  ufe  and  time,  though  they  might  be  very  bad  ones  when  new.  And  fome  glafs 
veflels,  which  had  been  long  ufed  for  excitation,  have  fometimes  loft  their  power  almoft 
entirely.  Dr.  Prieftley  mentions  feveral  inftances  of  very  long  tubes  which,  when  firft 
made,  anfwered  the  purpofes  of  eledtricity  admirably,  but  after  a few  months  they  have 
become  almoft  ufelefs. 

Schol.  3.  An  exhaufted  glafs  veflel  on  being  rubbed  fliews  no  figns  of  eledtricity 
upon  its  external  furface.  But  the  eledtric  power  of  a glafs  cylinder  is  the  ftrongeft  when 
the  air  within  is  a little  rarefied.  If  the  air  be  condenfed,  or  the  cylinder  be  filled  with  fome 
condudting  fubftance,  it  is  incapable  of  being  excited.  Neverthelefs  a folid  flick  of  glafs, 
fealing-wax,  fulphur,  &c.  may  be  excited. 

I * 

Schol.  4.  The  fame  fubftance,  by  different  preparations,  is  fometimes  a condudtor,  and 
at  others  an  eledtric.  A piece  of  wood  juft  cut  from  a tree  is  a good  condudtor  ; — let  it  be 
baked,  and  it  becomes  an  eledtric  ; — burn  it  to  charcoal,  and  it  is  a good  condudtor  again  ; — 
laftly,  let  this  coal  be  reduced  to  afhes,  and  thefe  will  be  impervious  to  eledtricity.  Such 
changes  are  alfo  obfervable  in  many  other  bodies  j and  very  likely  in  all  fubftances  there  is  a 
gradation  from  the  beft  condudtors  to  the  belt  non-condudtors  of  eledtricity. 
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PROP,  IV.  Non-condu&ors  retain  the  fluid  on  a {mail  part  of  their 
furface  where  the  fridtion  has  acted  ; conductors  diffufe  it  over  all  their 
furface,  and  therefore  cannot  confine  it,  unlefs  they  be  furrounded  en- 
tirely by  non-condudtors,  or  be  infulated, 

t 

Exp.  Obferve  the  partial  diftribution  of  the  fluid  on  an  excited  eledtric,  and  its  univerfal 
dmufion  over  a conductor.  If  a finger,  or  any  other  condudtor,  be  prefented  to  an  excited 
glafs,  cylinder,  tube,  &c.  it  will  receive  a fpark,  and  in  that  fpark,  a fmall  part  only  of  the 
electricity  of  the  eledtric  : becaufe  the  excited  electric  being  a non-condudtor,  cannot  convey 
the  electricity  of  all  its  furface  to  that  point  to  which  the  conductor  has  been  prefented. 
But  if  any  conducting  fubltance  be  brought  to  a charged  metallic  conductor,  it  will  receive 
in  one  fpark  nearly  the  whole  of  the  electricity  accumulated  upon  it.  The  fmall  part 
which  remains  is  very  trifling  in  comparifon  of  the  firft  fpark,  and  is  called  the  reftduum. 

Def.  IV.  A body  is  faid  to  be  pofitively  eleBrified , when  it  has 
thrown  upon  it  a greater  quantity  of  the  eledtric  fluid  than  its  natural 
Hi  are. 

Def.  V.  A body  is  faid  to  be  negatively  electrified  when  it  has  a lefs 
quantity  of  the  eledtric  matter  than  is  natural  to  it. 

PROP.  V.  The  eledtric  fluid  may  be  excited  by  rubbing,  by  pouring 
a melted  eledtric  into  another  fubftance,  by  heating  and  cooling,  and  by 
evaporation. 

Exp.  i.  In  working  the  eledtrical  machine,  the  fluid  is  excited  by  fridtion.  Rubbing 
is  the  general  mean  by  which  all  eledtric  fubltances  that  are  at  all  excitable  may  be  excited. 
Whether  they  be  rubbed  with  eledtrics  of  a different  fort,  or  condudtors,  they  always  fhew 
figns  of  eledtricity,  and  in  general  ftronger  when  rubbed  with  conductors,  and  weaker  when 
rubbed  with  eledtrics. 

2.  When  fulphur  is  melted  into  an  earthen  veflel,  if  the  veflel  be  fupported  by  a 
conducting  fubftance,  the  fulphur,  when  cold  and  feparated  from  the  veflel,  is  ftrongly 
electrical,  and  will  attradt  light  bodies. 

3.  If  fulphur  be  melted  into  glafs  vefiels,  when  cold,  the  glafs,  whether  fupported  by 
eledtrics  or  not,  will  be  pofitively  eledtrical,  and  the  fulphur  negative. 

4.  Melted  fealing-wax,  when  poured  into  fulphur,  becomes  pofitively  eledtrified,  and 
the  fulphur  negative. 

5.  Melted  fealing-wax  poured  into  glafs  cups  acquires  a negative  eledtricity  : upon  being 
feparated  the  glafs  is  pofiitive. 

6.  Sulphur  melted  into  cups,  fhews  no  figns  of  eledtricity  till  it  is  feparated  from  the 
cup,  when  the  cup  is  negative  and  the  fulphur  is  pofitive. 

7.  If  a (tick  of  fealing-wax  be  broken  into  two  pieces,  the  extremities  that  were 
contiguous  will  be  found  eledtrified,  one  pofitively,  and  the  other  negatively. 
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8.  The  tourmalin,  a ftone  which  is  generally  of  a deep  red,  or  purple  colour,  about  the 
fize  of  a walnut,  and  found  in  the  Eaft  Indies,  while  kept  in  the  fame  degree  of  heat,  fhews 
no  figus  of  electricity,  but  will  become  electrical  by  increafing  or  diminifhing  its  heat,  and 
ftronger  in  the  latter  than  in  the  former  cafe,  (i)  Its  electricity  does  not  appear  all  over  its 
furface,  but  only  on  two  oppofite  Tides,  which  may  be  called  its  poles,  and  they  are  always 
in  one  right  line  with  the  centre  of  the  ftone,  and  in  the  direction  of  the  ftrata  in  which 
direction  the  ftone  is  abfolutely  opaque,  though  on  the  other  fide  it  is  femitranfparent.  (2) 
Whilft  the  tourmalin  is  heating,  one  of  its  Tides  (called  A)  is  eleCtrified  plus ; the  other 
(called  B)  minus.  Bat  when  it  is  cooling  A is  minus,  and  B is  plus.  (3)  If  this  ftone  be 
excited  by  friCtion,  then  both  its  Tides  at  once  may  be  made  pofitive.  (4)  If  a tourmalin  be 
cut  into  feveral  parts,  each  piece  will  have  its  pofitive  and  negative  poles,  correfponding  to 
the  pofitive  and  negative  Tides  of  the  ftone  from  which  it  was  cut. 

Schol.  Thefe  properties  are  now  found  to  belong  to  feveral  hard  and  precious  ftones  as 
well  as  to  the  tourmalin. 

9.  EleClricity  may  be  produced  by  the  evaporation  of  water  in  this  manner  : — Upon  an 
infulating  ftand,  as  a wine  glafs,  place  an  earthen  veflel,  as  a crucible,  a bafin,  &c.  and 
put  into  it  three  or  four  lighted  coals.  Let  a wire  be  put  with  one  end  among  the  coals, 
and  with  the  other  let  it  touch  a very  fenfible  eleCtromer.  Then  pour  in  a fpoonful  of 
water  at  once  upon  the  coals,  which  will  occafion  a quick  evaporation  *,  and  at  the  fame 
time  the  eleCtromer  will  diverge.  For  a defcription.  of  tire  eleCtromer,  fee  Prop.  XII. 
Schol. 

PROP.  VI.  The  ele&rrc  fluid  may  be  lodged  in  electrics,  or  in  in- 
fulated condudors,  in  a greater  quantity  than  naturally  belongs  to  them, 
or  they  may  be  pofitively  eledrihed. 

Exp.  In  working  the  machine,  the  cylinder  acquires  more  than  its  natural  quantity  of 
fluid  by  excitation,  the  conductor,  by  communication  : for,  while  there  is  a free  conveyance 
of  fluid  from  the  earth  to  the  rubber,  by  means  of  a conducting  fupporter,  the  conductor 
will  be  highly  eleCtrified. 

Schol.  The  eleCtric  matter  with  which  the  prime  conductor  is  loaded,  is  not  produced 
by  the  friCtion  of  the  cylinder  againft  the  rubber.  It  is  only  colle&cd  by  that  operation  from 
the  rubber,  and  all  the  bodies  that  are  contiguous  to  it.  If,  therefore,  the  rubber  be  well 
infulated,  the  friCtion  of  the  cylinder  will  produce  but  little  eleCtricity  : for  in  that  cafe  the 
rubber  can  only  part  with  its  own  fhare,  which  is  very  inconfiderable.  In  this-  fituation,  if 
the  finger  be  prefented  to  the  rubber,  fparks  will  be  feen  to  dart  from  it  to  the  rubber,  to 
fupply  the  place  of  that  eleCtric  matter  which  had  palled  from  it  to  the  cylinder : if  the 
conductor  be  al.fo  infulated,  thefe  fparks  will  ceafe  as  foon  as  it  is  fully  loaded. 

PROP.  VII.  The  eledric  fluid  being  accumulated  on  any  body,  wifi 
pafs  to  any  conductor  brought  near  to  the  body  : if  it  pafs  from,  or  be 

received 
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received  by,  pointed  wires,  it  will  be  conveyed  in  a continued  ftream  ; 
if  it  pafs  from,  or  be  received  by,  a furface  which  has  no  (harp  points, 
k will  be  difcharged  with  an  inftantaneous  explofion  or  fpark. 

Exp.  r.  Receive  the  fluid  from  the  conductor  upon  a pointed  wire,  and  upon  a brafs 
ball. 

2.  The  fluid  will  be  diflufed  through  the  furrounding  atmofphere,  by  wires  placed  upon 
the  conductor. 

Cor.  Hence  arifes  the  neceffity  of  keeping  the  whole  furface  of  the  conductor  free  from 
points. 

Schol.  When  a conduttor  is  clettrihed  by  communication,  its  whole  electric  power 
is  difcharged  at  once,  on  the  near  approach  of  a conduttor  communicating  with  the  earth  ; 
whereas  an  excited  elettric,  in  the  fame  circumftances,  lofes  its  elettric  power  only  in  the 
parts  near  to  the  conductor. 

PROP.  VIII.  If  conductors  be  infulated,  they  will  retain  a greater 
or  lefs  quantity  of  the  electric  fluid  (the  power  of  the  machine  being 
given)  proportional  to  the  extent  of  furface  in  the  conductor. 

Exp.  Obferve  the  difference  in  the  magnitude  and  diftance  of  fparks  taken  from  a fmali 
conductor,  -and  of  thofe  taken  from  a large  one. 

There  is  a limit,  beyond  which  this  Propofition  will  not  hold  true,  but  which  experiment 
has  not  yet  afcertained.  For  it  is  certain,  that  if  the  conduttor  be  very  long,  it  will  dif- 
charge  itfelf  over  the  cylinder  back  to  the  rubber  long  before  it  is  fully  charged.  The 
late  Mr.  G.  C.  Morgan,  whofe  memory  will  be  ever  dear  to  the  editor  of  this  work,  aflerts, 
that  by  the  molt  powerful  excitation  of  a cylinder  14  inches  in  diameter,  the  fpark  afforded 
by  a conductor  8 inches  in  diameter,  and  12  feet  long,  did  not  equal  half  the  length  of 
that  procured  from  the  fame  cylinder  with  a conduttor  of  equal  diameter  but  fhortened  to 
t5  feet.  And  he  thinks  that  a conductor  of  half  that  length  even,  and  about  16  inches  in 
diameter,  would  have  yielded  a longer  fpark  than  either  of  the  preceding.  See  Morgan’s 
Lett,  on  Elett.  Vol.  I.  p.  54,  &c. 

. -j 

PROP.  IX.  A body  may  be  deprived  of  part  of  its  natural  portion 
of  eleCtric  fluid,  or  be  negatively,  electrified. 

Exp.  If  the  rubber  which  communicates  the  fluid  to  the  glafs  cylinder,  and  from  thence 
to  the  conduttor  be  infulated,  becaufe  by  working  the  machine  a quantity  of  its  fluid  is 
conveyed  away,  and  it  cannot  receive  a frefh  fupply  through  its  fupporter,  it  will  be  in  an 
■exhaufted  or  negative  ftate. 

Schol.  If  negative  elettricity  be  required,  then  the  chain  which  connetts  the  rubber 
•with  furrounding  objetts,  and  confequcntly  with  the  earth,  the  great  referroir  of  the  elec- 
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trie  fluid,  muft  be  removed  from  the  infulated  rubber,  and  hung  to  the  prime  conductor;  for 
in  this  cafe  the  electricity  of  the  conductor  will  be  communicated  to  the  ground,  and  the 
rubber  will  appear  ftrongly  negative.  Another  conductor  may  be  connected  with  the  infu- 
lated rubber,  and  then  as  ftrong  negative  eleCtricity  may  be  obtained  from  dais  as.  pofitive 
can  be  in  the  cafe  before  mentioned. 

The  patent  machine  of  Mr.  Nairne  is  admirably  adapted  for  the  purpofes  both  of  pofitive 
and  negative  eleCtricity. 

■ 

PROP.  X.  When  bodies  are  negatively  eleCtrified  they  receive  tha 
fluid  from  other  bodies  brought  near  them. 

Exp.  1.  Let  two  infulated  conductors,  one  of  which  is  connected  with  the  glafs  cylinder,, 
the  other  with  the  rubber,  be  eleCtrified  ; whilll  they  are  in  this  (late  let  them  be  brought 
near  each  other ; a fpark  will  pafs  from  that  which  (by  Prop.  VI.)  is  pofitively,  to  that 
which  (by  Prop.  IX.)  is  negatively,  eleCtrified. 

2.  Let  two  perfons  ftanding  on  glafs  feet  be  eleCtrified,  firffc  both  pofitively,  or  both 
negatively,  they  will  not,  on  contaCt,  communicate  the  fluid  to  each  other  ; but  let  them  be 
eleCtrified,  the  one  pofitively  and  the  other  negatively,  by  making  a communication  from 
one  to  the  conductor,  and  from.  the.  other  to  the  rubber,  on  contaCt,  the  former  will  give, 
and  the  latter  receive  a fpark. 

PROP.  XL  From  a pointed  body  pofitively  electrified  the  fluid  will 
be  feen  to  ftream  out,  towards  any  eleCtrified  body  brought  near  it,  in  a 
conical  pencil  of  rays  ; whereas  in  palling  from  the  uneleCtrified  body  to  a 
pointed  body  negatively  eleCtrified,  it  will  form  a globular  flame,  or  ftar, 
about  its  point. 

Exp.  1.  Obferve,  in  a dark  room,  the  different  appearances  of  the  eleCtric  fluid  at  the  ex- 
tremity of  a pointed  wire,  when  the  point  is  prefented  to  an  infulated  conductor  pofitively, 
and  when  it  is  prefented  to  one  negatively,  eleCtrified  ; or  when  Such  a wire  is  fixed  upon  a 
conductor  pofitively  or  negatively  eleCtrified. 

2.  Within  a luminous  conductor  eleCtrified  pofitively,  (viewed  in  a dark  room)  the  fluid  will 
be  feen  pafling  in  the  form  of  a pencil  from  one  wire,  and  received  in  the  form  of  a ftar  upon, 
the  other  ; and  the  reverfe  if  it  be  eleCtrified  negatively. 

PROP.  XII.  If  two  bodies  be  eleCtrified,  both  pofitively,  or  both 
negatively,  they  repel  each  other  ; but  if  one  be  eleCtrified  pofitively,  and 
the  other  be  negatively  or  not  at  all  eleCtrified,  they  attraCt  each  other. 

Exp.,  i.  Light  feathers,  or  hair,  connected  with  the  conductor,  appear  repellent,  but  are 
attracted  by  bringing  any  non-eleCtrified  body  near  them. 

2,  The  hair  of  a per  fun  eleCtrified  becomes  repellent*. 

3,  In 
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3.  In  the  graduated  eleCtrometer  the  ball  is  repelled  according  to  the  degree  in  -which  the 
conductor  is  eleCtrified. 

4.  Downy  feathers,  paper  figures,  threads  of  flax,  thiftle  down,  gold  leaf,  brafs  dult,  or 
other  light  bodies,  brought  near  to  the  conductor,  are  alternately  attracted  and  repelled. 
This  will  not  take  place  if  the  bodies  be  laid  on  a plate  of  glafs. 

5.  Two  bells  being  fufpended  by  wires  from  a brafs  rod  connected  with  the  conductor, 
and  a third  by  a filk  cord,  and  two  fmall  bells  of  brafs  fufpended  by  a filken  thread  between 
the  bells,  the  fluid  will  be  communicated  from  the  conductor  to  the  outer  bells,  and  by  the 
balls  to  the  middle  bell,  and  from  thence  conveyed  by  a chain  to  the  earth  : the  balls  in  re- 
ceiving and  communicating  the  fluid  are  attracted  and  rep.elled  fucceffively,  and  produce 
ringing. 

6.  Let  water  flow  from  a capillary  tube,  from  which,  before  it  is  electrified,  it  paffes 
in  drops ; upon  being  electrified,  the  particles  of  fluid  will  be  feparated,  and  their  motion 
accelerated. 

Thefe  appearances- will  be- prefented,  whether  the  conductor  be  pofitively  or  negatively 
electrified. 

7.  Mr.  Symmer,  in  the  year  1759,  p re  fen  ted  to  the  Royal  Society  fome  papers  upon  the 
electricity  of  filk  blockings.  He  had  been  accuftomed  to  wear  two  pair  of  filk  dockings,  a 
white  pair  under,  black  ones.  When  thefe  were  pulled  off  together,  no  figns  of  electricity 
appeared,  but  on  pulling  off  the  black  ones  from  the  white,  he  heard  a fnapping  noife,  and 
in  the  dark  perceived  fparks  of  fire.  On  this  fuhjeCt  he  has  related  a number  of  very  curious 
experiments  on  the.  attraction  and  repulfion  of  the  dockings,  and  upon  their  different  dates 
of  deCtricity. . 

Cor.  Since  it  is  found  that  rubbed  glafs  electrifies  any  infulated  conductor  pofitively,  it 
may  be  determined  whether  any  body  is  eleCtrified  pofitively  or  negatively,  by  bringing  k 
near  to  a pith-ball,  or  down-feather,  pofitively  eleCtrified,  and  obferving  whether  the  ball  or 
feather  be  attracted  or  repelled  by  the  body. . 

Exp.  Bring  a pith-ball  or  down-feather,  fufpended  by  a filken  thread  and  pofitively  elec- 
trified by  any  rubbed  glafs  furface,  near  to  another  pith-ball  or  feather  fufpended  by  a flaxen 
thread  from  a conductor  connected  with  the  cylinder;  then  bring  the  fame  near  to  a con- 
ductor connected  with  the  rubber. . 

SchoL'.  The  electrometer  is  an  inffrument  invented  to  meafure  the  degree  of  electrifica- 
tion of  any  b.ody.  Small  degrees  of  electricity  are  fliewn  by  the  divergence  of  two  very 
fmall  pith-balls,  a,  b,  fufpended  upon  parallel  threads,  draws,  &c.  Thefe  balls  prefented  to 
a body  in  its  natural  (late  will  not;  be  affeCted;  but  if  the  body  be  eleCtrified,  they  will  be 
attracted  by  it,  and  diverge. . 

Another  very  ufieful  and  common  eleCtrometer  confifts  of  an  upright  {tick,  AB,  to  which 
is  affixed  a graduated  femicircle:  D is  a pith-ball  (tuck  uppn  the  end  of  a fine  ffra-w,  winch 
by  means  of  an  axis  at  C,  is  moveable  in  a plane  parallel  to  that  of  the  femicircle.  This 
eleCtrometer  is  fixed  upright  on  a prime  conductor  ; and  when  it  is  not  eleCtrified,  the  radius 
will  hang  down,  and  according  to  the  intenfity  of  the  eleCtrie  fbte  given  to  the  conductor, 
the  repulfion  muft  caufc  the  ball  to  afeend,  The  a i cent  will  be  marked  by  the  graduations, 

Mr* 
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Elate  ij.  Mr.  Cavallo  has  Invented  a very  fenfible  eledlrometer,  well  adapted  for  the  obfervation.  of 
ii.  t]ie  prefence  anti  quality  of  natural  and  artificial  eledlricity.  ABC  is  the  brafs  cafe  containing 
the  inftrurnent  When  the  part  AB  is  unferewed,  and  the  electrometer  taken  out,  it  appears 
as  repfefented  in  ABDC.  A glals  tube,  CDNM,  is  cemented  into  the  piece  AB.  The 
upper  part  of  .the  tube  is  fliaped  tapering  to  a fmall  extremity,  which  is  entirely  covered 
with  fealing-wax.  Into  this  tapering  part,  a fmall  tube  of  glafs  is  cemented,  the  lower  extrem- 
ity being  alfo  covered  with  fealing-wax,  projects  a fmall  way  within  the  tube  CDhJM.  Into 
this  fmallex  tube,  a wire  is  cemented,  which,  with  its  under  extremity,  touches  a flat  piece 
of  ivory  H,  fattened  to  the  tube  by  means  of  a cork.  The  upper  extremity  of  the  wire 
projects  about  a quarter  of  an  inch  above  the  tube,  and  ferews  into  the  brafs  cap  EF,  which 
cap  is  open  at  the  bottom,  and  ferves  to  defend  the  waxed  part  of  the  inftrurnent  from  the 
rain.  From  FI  are  hung  two  fine  fiver  wires,  having  very  fmall  corks  at  the  lower  ends, 
which,  by  their  repulfion,  fhew  the  eledtricity.  IM,  and  KN,  are  two  flips  of  tin-foil  ftuck 
to  the  inflde  of  the  glafs,  and  communicating  with  the  brafs  bottom  AB.  They  ferve  to 
convey  away  that  eledtricity,  which,  when  the  corks  touch  the  glafs,  is*  communicated  to  it, 
and  might  diftuvb  their  free  motion. 

When  this  inftrurnent  is  ufed  to  obferve  artificial  eledtricity,  it  is  fet  on  a table,  and  elec- 
trified by  touching  the  brafs  cap  EF  with  an  electrified  body ; in  this  date,  if  any  eledtrified 
fubftance  is  brought  near  the  cap,  the  corks  of  the  eledtrometer,  by  their  converging,  or 
diverging  more,  will  fhew  the  fpecies  of  eledtricity. 

When  it  is  to  be  ufed  to  try  the  electricity  of  fogs,  ike.  it  muftbe  unferewed  from  its 
cafe,  and  held  a little  above  the  head  by  the  bottom  AB,  fo  that  the  obferver  may  conve- 
niently fee  the  corks,  which  will  immediately  diverge  if  there  is  any  fufficient  quantity  of 
eledtricity  in  the  air,  the  nature  of  which  may  be  afeertained  by  bringing  an  excited  piece  of 
fealing-wax  towards  the  brafs  cap  EF. 

PROP.  XIII.  From  the  fharp  points  of  eledtrified  bodies  there  pro- 
ceeds a current  of  ah*. 

Exp.  i.  A wire,  with  (harp  points  bended  in  oppofite  diredtions,  and  fufpendeft  on  the 
point  of  a perpendicular  wire  inferred  in  the  condudtor,  will  be  carried  round  by  the  current 
proceeding  from  the  points. 

2.  Let  feveral  pieces  of  gilt  paper  be  ftuck  like  vanes  into  the  fide  of  a cork,  through  tire 
centre  of  which  a needle  pafles ; fufpend  the  whole  by  a magnet,  and  prefent  one  of  the 
vanes  to  the  point  of  a wire  inferted  in  the  condudtor ; they  will  be  put  into  motion. 

PROP.  XIV.  Some  bodies  upon  being  rubbed,  are  eledtrified  posi- 
tively, and  others  negatively  ; and  the  fame  bodies  are  capable  of  being 
eledtrified  pofitively,  or  negatively,  as  they  are  rubbed  with  different 
fubftances. 

* ■ * 

Exp.  Smooth  glafs  becomes  pofitively  eledlrified  by  being  rubbed  .with  any  fubftance 
Litherto  tried,  except  the  back  of  a living  cat;  rough  glafs  becomes  pofitively  eledlrified  by 
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being  rubbed  with  dry  oiled  filk,  fulphur,  and  metals ; negatively,  with  woollen  cloth,  feal- 
ing-wax,  paper,  the  human  hand.  White  filk  becomes  pofitively  eleCtrified  by  being  rubbed 
with  black  filk,  metals,  black  cloth ; negatively,  with  paper,  hairs,  the  hand.  Black  filk  will 
be  pofitively  electrified  with  red  fealing-wai  ; negatively,  with  hare’s  (kin,  metals,  the  hand. 
Sealing-wax  will  be  pofitively  eleCtrified  with  the  hand,  leather,  woollen  cloth,  paper,  hare’s 
fkin.  Baked  wood  will  be  pofitively  eleCtrified  with  filk  ; negatively,  with  flannel.  If  thefe 
and  other  fubftances,  being  eleCtrified,  be  brought  near  to  a pith-ball  or  down-feather,  as  de- 
ferred Prop.  XII.  Cor.  Exp.  it  will  appear  whether  they  are  electrified  pofitively  or  nega- 
tively. 


PROP.  XV.  Bodies  infulated,  if  placed  within  the  influence  of  an 
electrified  body,  will  be  eleCtrified,  at  the  part  adjacent  to  that  body,  in 
the  manner  contrary  to  that  of  the  electrified  bodjv 


Exp.  r.  Bring  a condudor  (without  pointed  wires)  near  to  the  glafs  cylinder,  wlrilft  the 
machine  is  working  ; if  the  conductor  be  not  infulated,  it  will  be  negatively  eleCtrified  till  it 
is  brought  fo  near  as  to  receive  fparks  from  the  cylinder ; if  the  conductor  be  infulated,  it 
will,  in  the  fame  fituation,  be  eleCtrified  negatively,  in  the  parts  neareft  the  cylinder,  and  pof- 
itively in  the  parts  more  remote  ; as  may  be  feen  by  bringing  an  excited  glafs  tube  (which  is 
pofitively  electrified)  near  to  a ball  fufpended  from  the  conductor.  Compare  Prop.  XII.  Cor. 

2.  Let  two  pith-balls  be  fo  fufpended  by  flaxen  threads  as  to  be  in  contadl  when  unelec- 
trified; on  being  brought  near  to  a body  eleCtrified  pofitively,  they  will  repel  each  other, 
being  electrified  negatively  : if  the  balls-be  fufpended  in  the  fame  manner  by  filken  threads* 
they  will,  in  the  fame  fituation,  be  pofitively-eleCtrified. 

3.  Let  PC  be  an  eleCtrified  prime  conductor,  and  AB  a metallic  body  placed  within  its  Plate  13., 
ntmcfphere,  but  beyond  the  linking  diftanee.  Now  from  the  principles  already  explained,  F,S- 

it  is  evident  that  the  eleCtrical  atmofphere  of  the  prime  conductor  mult  be  pofitive  or  negative . 

(1.)  If  it  be  pqfitive>  then  the  adjacent  part  A of  the  metallic  body  AB,  will  be  found  to  be 
deCtrified  negatively;  the  remote  part  B,  will  be  eleCtiified  pofitively;  and  there  will,  be 
a certain  point  D,  in  its  natural  Hate,  or  not  eleCtrified  at  all.  (2.).  If  the  prime  conductor 
be  charged  with  negative  eleCtricity,  then  A will  be  pofitive,  B negative,  and  Hill  fome 
point,  as  D,  will  be  found  imeleCtrified,  which  is  called  the  neutral  point: 

Earl  Stanhope  has  demon  ftrated,  by  a confiderable  number  of  experiments,  that  the  neutral 
point  D,  is  the  fourth  point  of  an.  harmonical.  divifion  of  the  line  CAB.  Confequently,  the 
points  C,  /• , and  B,  being  given,  the  neutral  point  D,  may  be  always  found.  For  by  the 
proportion  affirmed  by  his  lord llrip,  as  the  whole  line  BC  is  to  the  part  CA,  fo  is.the  remote 
end  BD  to  the  middle  term  DA  ; therefore,  by  compofition,  BC  4-  CA  (BA  -f-  2AC)  : CA 
: : BD  + DA  (BA)  : AD.  Thus,  if  BA  be  40  inches,  and  CA  36,  then  AD  is  equal  to 
12^  inches. 


Cor.  1.  From  the  nature  of  this  propofition,  it  is  evident,  that  the  neutral  point  D can 
never  be  farther  from  A than  half  the  diftanee  between  A and  B,  fuppofing  the  eleCtrifieiV 
conductor  PC  to  be  removed  to  an  infinite  diftanee,. 
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Con.  2.  It  is  likewife  evident,  that  the  evanefcent  pofition  of  the  neutral  point  D mull  be 
A,  when  the  end  A of  the  metallic  body  AD  comes  into  contact  with  the  charged  body  PC. 

Schol.  From  the  above  confiderations,  Lord  Stanhope  has,  with  great  ingenuity,  proved 
"by  an  elaborate  mathematical  demonftration,  illuftrated  and  confirmed  by  a great  variety  of 
experiments,  that  the  denfity  of  an  eleCtrical  atmofphere  fuperinduced  upon  any  body  muft 
be  inverfely  as  the  fquare  of  the  diftance  from  the  charged  body. 

4.  Let  a circular  plate  compofed  of  rofm  and  fulphur,  or  of  fealing-wax,  be  negatively 
•electrified  by  rubbing  it  with  flannel ; whiltt  it  is  in  this  (late,  let  a metallic  plate  of  the 
fame  form  and  fize,  having  a glafs  handle  fattened  to  its  centre,  be  placed,  by  means  of  the 
handle,  on  the  eleCtrified  plate  ; then  receive  a fpark  from  the  metallic  plate  with  the  finger : 
after  which  the  metallic  plate,  being  removed  by  the  glafs  handle,  will  be  found  to  be  pofi- 
tively  electrified.  This  iuflrument  is  called  an  eleCtrophorus. 

5.  Let  one  fide  of  a plate  of  glafs  be  electrified  pofitively,  the  other  fide  will  attraCt  light 
bodies,  being  negatively  ele£trified. 

6.  Let  a plate  of  glafs  be  placed  between  two  metallic  plates  about  two  inches  in  diame- 
ter fmaller  than  the  plate  of  glafs,  and  let  the  plates  be  fupported  by  a conductor  \ upon  pofi- 
tively electrifying  the  upper  metallic  plate,  by  means  of  a wire  connected  with  the  prime 
conductor,  the  fluid  not  being  able  to  pafs  along  the  glafs,  will  be  accumulated  upon  the 
part  contiguous  to  the  upper  metallic  plate ; whilft  the  lower  metallic  plate,  being  within  the 
eleCtric  influence  of  the  upper,  will  be  negatively  electrified. 

PROP.  XVI.  When  any  ele&ric  fubftance  is  eleCtrified,  it  will  con- 
tinue in  that  ftate  till  fome  conductor  conveys  away  the  accumulated  or 
reftores  the  deficient  fluid  ; which  will  be  done  more  or  lefs  rapidly,  ac- 
cording to  the  degree  of  conducting  power  in  the  conductor,  and  the  num- 
ber of  points  in  which  it  touches  the  eleCtric. 

Exp.  i.  When  the  metallic  plate  in  the  eleCtrophorus  is  eleCtrified  (as  deferibed  Prop. 
XV.  Exp.  4.)  by  fetting  it  upon  the  eleCtric  plate,  touching  it  with  the  finger,  and  fepa- 
rating  it  fucceflively,  many  fparks  may  be  obtained,  without  again  exciting  the  eleCtric  plate  ; 
for  this  plate  being  negatively  eleCtrified,  the  metallic  plate,  on  being  touched  with  the  hand, 
becomes  pofitively  eleCtrified  (by  Prop.  XV.)  and  the  eleCtric  plate  remains  long  in  its  nega- 
tive ftate,  becaufe,  not  being  a conduClor,  its  deficiency  will  be  (lowly  fupplied  from  the  air 
where  its  furface  is  not  covered. 

2.  If  a glafs  vcflcl,  a common  drinking-glafs,  for  inftance,  held  in  the  hand,  receive  the 
eleCtric  fluid  on  the  infide  from  a wire,  or  chain,  fixed  on  the  conductor,  pith-balls,  placed 
under  the  veflel  upon  a conducting  fupporter,  will  continue  long  in  motion. 

3.  Let  a plate  of  glafs  be  eleCtrified  in  the  manner  deferibed  in  Prop.  XV.  Exp.  6.  Be- 
caufe one  fide  of  the  plate  is  pofitively  eleCtrified,  and  the  other  negatively,  if  a communica- 
tion is  made  from  one  metallic  plate  to 'the  other  by  means  of  fome  conduCtor,  part  of  the 
accumulated  fluid  will  fuddenlypafs  to  the  fide  which  is  deficient ; upon  a fecond  application 
of  the  plates  of  metal  to  the  glafs,  there  will  be  a fecoiid  explofion. 
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Schol.  AB  is  an  eleCtric  jar,  coated  with  tin-foil  on  the  infide  and  outfide,  within  three  Plate 
inches  of  the  top,  having  a wire  with  a round  brafs  knob  K,  at  its  extremity.  This  wire  paf-  FlS' 
fes  through  the  cork  D,  that  flops  the  mouth  of  the  jar,  and,  at  its  lower  end,  is  bended  or 
branched  fo  as  to  touch  the  infide  coating  in  feveral  places.  Coated  jars  may  be  made  of 
any  form  and  fize,  and  are  called  Leyden  Phials , or  Leyden  Jars. 

A number  of  jars  combined,  make  what  is  termed  an  electrical  battery ; they  all  Hand  in  a 
box,  the  bottom  of  which  is  covered  with  tin,  thus  all  their  outfides  are  conne&ed  ; and  by 
means  of  wires  and  brafs  rods,  their  infides  are  alfo  connected. 

The  difcharging  rod  confifts  of  a glafs  handle  A,  and  two  curved  wires  BB,  which  move  Plai 
by  a joint  C,  fixed  to  the  brafs  cap  of  the  glafs  handle  A.  The  wires  BB  are  pointed,  and  Fis 
the  points  enter  the  knobs  DD,  to  which  they  are  fcrewed,  and  may  be  unfcrewed  from  them 
at  pleafure.  By  this  conftruCtion,  the  balls  or  points  may  be  ufed  as  occafion  requires.  The 
wires  being  moveable  at  the  joint  C,  may  be  adapted  to  fmaller  or  larger  jars  at  pleafure. 

PROP.  XVII.  If  a glafs  plane,  or  cylindrical  veflel,  coated  on  both 
fides  with  tin-foil,  or  any  other  conducting  fubftance,  be  charged , that  is, 
pofitively  electrified  on  one  fide,  and  confequently  negatively  electrified  on 
the  other ; a communication  being  made  from  one  fide  to  the  other  by 
fome  conductor,  the  plane,  or  veffel,  will  be  fuddenly  dlfcharged , with  an 
explofion. 

There  is  a ftrong  attraction  (compare  Prop.  XII.  and  XV.)  between  the  fluids  on  oppofite 
fides  of  the  glafs,  or  the  fluid  which  is  accumulated  on  one  fide  makes  a powerful  effort  to- 
wards the  other  fide  where  the  fluid  is  deficient ; but  the  fubftance  of  the  glafs  itfelf  being 
impervious  to  the  eleCtric  fluid,  the  accumulated  fluid  cannot  pafs  to  the  deficient  fide  till  a 
communication  is  made  between  them  by  fome  conducting  fubftance.  When  fuch  a com- 
munication is  made,  becaufe  the  metallic  coating  touches  the  whole  furface  of  the  electrified 
glafs,  the  whole  quantity  of  redundant  fluid  eafily  pafies  from  the  fide  which  was  pofitively 
eleCtrified  to  the  other. 

Exp.  i.  Let  a plate  of  glafs,  coated  with  tin-foil,  (except  about  ii  inch  from  the  edge)  be 
charged,  as  defcribed  Prop.  XV.  Exp.  6.  Upon  making  a communication  from  one  fide  to 
the  other  by  the  difcharging  rod,  there  will  be  a fudden  difcharge. 

2.  Let  the  fame  be  done  with  the  Leyden  Phial. 

3.  Charge  a jar  coated  on  the  infide  with  water,  (hot,  or  brafs  duft,  and  held  on  the  out- 
fide by  the  hand,  then  difcharge  it  in  a dark  room. 

4.  If  two  equal  circular  brafs  plates,  one  of  which  is  fufpended  by  a long  metallic  rod 
from  the  conductor  parallel  to  the  horizon,  and  the  other,  fupported  by  a conductor,  is  placed 
parallel  and  oppofite  to  the  firft,  be  eleCtrified  ; the  plate  of  air  between  them  will  be  charg- 
ed by  the  brafs  plates. 

5.  Let  one  coated  jar  be  fufpended  by  a wire  under  another;  let  the  upper  jar  be  charged 
by  taking  fparks  from  the  conductor  ; the  lower  uninfulatcd  jar  will  be  charged  with  the 
fluid  which  pafles  from  the  fide  negatively  eleCtrified  of  the  upper  jar, 

<),  Difcharge,  in  a dark  room,  a jar  imperfectly  coated, 
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Cor.  i.  A coated  jar  cannot  be  charged  unlefs  its  outer  furfitce  be  conne&ed  with  fome 
conductor.  For  without  fuch  a conductor,  the  fluid  cannot  pafs  from  or  to  the  outer  furfacer 
which  is  neceffary  in  order  to  charge  the  jar. 

Cor.  2.  When  a coated  glafs  veflel  is  charged,  the  charge  of  eledhic  fluid  is  in  the  glafs,- 
and  not  in  the  coating. 

Exp.  Lay  a plate  of  glafs  between  two  metallic  plates,  as  dsferibed  Prop.  XV.  Exp.  6. 
Having  charged  the  plate  of  glafs,  remove  the  upper  plate  of  metal  by  a glafs  handle,  with 
fome  non-condu£ling  fubftance,  as  filk ; remove  the  eledtrified  glafs  plate,  and  place  it  be- 
tween two  other  plates  of  metal  uneledtrified  and  infulated  ; the  plate  of  glafs  thus  coated 
afrefh  will  flill  be  charged. 

Schol.  The  difeharge  of  a plate  of  glafs,  Leyden  Phial,  &c.  is  made  by  reftoring  the 
equilibrium  which  was  deftroyed  by  the  charging  ; and  it  is  effe£led  by  forming  a commu- 
nication between  the  overloaded  and  the  exhaufted  fide  •,  and  if  the  communication  be  made 
by  metal,  or  other  good  condudtors,  the  equilibrium  will  be  reftored  with  violence,  the 
redundant  ele&ricity  on  one  fide  will  rufli  with  great  rapidity  through  the  metallic  commu- 
nication to  the  exhaufted  fide,  and  a large  explofion  will  be  made,  that  is,  the  flafh  of  elec- 
tric light  will  be  very  vifible,  and  the  report  will  be  very  loud. 

PROP.  XVIII.  If  the  conductor  be  ele&rified  pofitively,  that  fide 
of  the  jar  with  which  it  has  a communication  will  be  electrified  pofi- 
tively, the  other  negatively. 

Exp.  1.  Charge  one  jar  on  the  infide  pofitively,  and  another  negatively,  and  obferve,  iii 
a dark  room,  the  different  appearances  of  the  fluid,  upon  the  point  of  a wire  brought  near  to 
the  ball  which  is  conne&ed  with  the  inner  fide  of  each  jar  : when  the  point  is  prefented  to  the 
jar  pofitively  electrified  on  the  inner  fide,  it  will  exhibit  the  appearance  of  a ftar  •,  when 
prefented  to  the  other,  that  of  a pencil. 

2.  Obferve  the  different  appearances,  in  a dark  room,  when  with  the  fame  charged  jar 
the  point  is  prefented  towards  the  fide  pofitively,  and  towards  the  fide  negatively,  electrified. 

’■  3.  Between  two  jars,  charged  one  negatively  and  the  other  pofitively,  fufpend  by  a 
filken  firing  a cork  ball,  from  which  fhort  threads  hang  freely  ; the  ball  will  pafs  with 
a rapid  motion  from  one  to  the  other,  and,  being  firfl  attracted  towards  the  jar  pofitively 
electrified,  then  towards  the  other,  it  will  receive  the  fluid  from  the  former,  and  com- 
municate it  to  the  latter,  till  both  are  difeharged.  If  both  be  charged  in  the  fame  manner, 
the  cork  will  remain  at  reft.  \ 

4.  If,  after  a jar  is  charged,  the  uncoated  part  of  the  jar  be  moiftened  by  the  breath,  or 
by  fleam,  the  jar  placed  upon  a condu&or  will  be  gradually  difeharged,  and  the  fluid  will  be 
feen,  in  a dark  room,  to  flafli  ftrongly  from  one  fide  to  the  other  : if  the  jar  be  infulated, 
the  flafhes  will  be  greateft  on  the  fide  pofitively  eledrified. 

5.  Let  a difeharging  rod  be  applied  without  its  balls  to  a charged  jar,  in  fuch  manner  a9 
to  difeharge  the  jar  gradually  : the  point  which  approaches  towards  the  fide  pofitively  ele£lri- 
fied,  will,  ia  a dark  roorp,  exhibit  a ftar  •,  the  other  point,  a pencil. 
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6.  Within  the  receiver  of  an  air-pump  place  two  well  polifliecl  brafs  balls,  the  lower 
fupported  on  a brafs  ftem  by  the  plate  of  the  pump,  the  other  fixed  on  a Item  which  is 
moveable  in  the  neck  of  the  receiver : let  the  balls  be  brought  within  the  diflance  of 
four  or  five  inches  from  one  another  ; then  let  the  upper  ball  be  conne£ted  with  the  con- 
ductor, and  eleCtrified  pofitively  : a lucid  atmofphere  will,  in  a dark  room,  appear  on  the 
lower  furface  of  the  upper  ball  : whereas  if  the  upper  ball  be  negatively  electrified,  the  lucid 
atmofphere  will  be  feen  on  the  lower  ball. 

Schol.  The  laft  experiment  eftablifhes  the  theory  of  a fingle  eleCtric  fluid  : for  if  there 
were  two  contrary  fluids,  there  mult  in  this  experiment  be  an  atmofphere  about  each  ball, 
attracting  each  other. 

PROP.  XIX.  The  ele&ric  fluid  can  be  conveyed  through  an  infulated 
conductor  of  any  length,  and  its  paflage  from  one  fide  of  a charged  jar  to 
the  other,  is  apparently  inftantaneous,  through  whatever  length  of  a metal- 
lic, or  other  good  conductor,  it  is  conveyed. 

Exp.  r.  Let  a long  wire,  palling  round  a room,  fufpended  by  filk  cords,  be  a part  of  the 
circuit  of  communication  from  one  fide  of  a charged  jar  to  the  other,  the  difcharge  will  be 
apparently  at  the  fame  inftant  in  which  the  communication  from  one  fide  to  the  other  is 
completed. 

2.  Let  any  number  of  perfons  make  a part  of  the  circuit  of  communication  ; the  fluid 
will  pafs  inftantaneoufly  through  the  whole  circuit. 

Schol.  The  fhock  of  the  Leyden  jar  has  been  tranfmitted  through  wires  of  feveral 
miles  in  length,  without  taking  any  fenfible  fpace  of  time.  Dr.  Prieftley  relates  feveral 
curious  experiments  made  with  a view  of  afcertaining  this  point  foon  after  the  difcovery  of 
the  Leyden  Phial.  See  Prieftley’s  Hid.  of  EleCl, 

PROP.  XX.  The  fudden  difcharge  of  a charged  jar  gives  a painful 
fenfation  to  any  animal  placed  in  the  circuit  of  communication,  called 
the  electric  Jloock. 

The  difcovery  of  the  effects  of  electricity,  as  exhibited  by  the  Leyden  jar,  immediately 
raifed  the  attention  of  all  the  philofophers  in  Europe.  The  account  which  fome  of  them 
gave  of  the  experiments  to  their  friends,  border  very  much  on  the  ludicrous.  M.  Mufchen- 
brock,  who  tried  the  experiment  with  a glafs  bowl,  told  M.  Reaumur,  in  a letter  written  foon 
after  the  experiment,  that  he  felt  himfelf  ftruck  in  his  arms,  fiioulder,  and  bread,  fo  that  he 
loft  his  breath  ; and  was  two  days  before  he  recovered  from  the  cfte&s  of  the  blow  and  the 
terror.  He  added,  that  he  would  not  take  a fecond  fhock  for  the  whole  kingdom  of  France. 

M.  Allamand,  who  made  the  experiment  with  a common  beer  glafs,  faid,  that  lie  loft  Iii^ 
breath  for  fome  moments,  and  then  felt  fuch  an  intenfe  pain  all  along  his  light  arm,  that  h|p 
was  apprehenfive  of  bad  confequences  ; but  it  foon  went  off  without  any  inconvenience. 
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Notwithstanding  the  parade  made  by  thefe  philofophers,  the  Ihock  was  probably,  not,  by 
any  means,  Stronger  than  what  many  children  of  6 or  7 years  old  would  bear  without  the 
finalleft  hefitation,  Their  descriptions  mult  have  arifen  through  terror,  or  the  love  of  the 
marvellous. 

Cor.  The  force  of  the  eledtric  fhock  may  be  increafed,  by  increafing  the  Surface  of 
coated  glafs. 

Exp.  i.  A battery  being  charged,  a fine  metallic  wire  brought  into  the  circuit  will  be  melt* 
ed. 

2.  If  a plain  piece  of  metal  be  placed  upon  one  of  the  rods  of  the  difcharger,  and  upon 

the  other  a needle  with  the  point  oppofite  to  the  Surface  of  the  metal,  upon  discharging  the 
battery,  the  Surface  of  the  piece  of  metal  will  be  marked  with  coloured  circles,  occafioned  by 
thin  laminae  of  metal  raifed  in  the  explofion.  • 

3.  If  a piece  of  leaf  gold  be  put  between  two  pieces  of  glafs,  and  the  whole  fall- bound  to- 
gether, the  metal  will  be  melted,  and  a metallic  (lain  will  be  feen  in  both  glafies. 

4.  If  a Shock  be  Sent  through  a needle,  it  will  give  it  magnetic  polarity. 

5.  An  animal,  or  plant,  may  be  killed  by  being  placed  in  the  circuit  of  a battery. 

Schol.  Perfons  not  thoroughly  converfant  in  eledtricity,  Should  be  very  cautious  in  ufing 
large  batteries ; they  Should  be  Sure  that  they  are  perfedt  matters  of  a Small  force,  before  they 
meddle  with  a greater.  Such  a force  of  eledtricity  as  may  be  accumulated  in  batteries  is  not 
to  be  trifled  with,  Since  the  confequences,  if  not  fatal,  may  be  great  and  lafting.  A large  Shock, 
taken  through  the  arms  and  breaSl,  which  an  operator  is  moSt  in  danger  of  receiving,  might 
poShbly  injure  the  lungs,  or  fome  other  vital  part  : and  if  the  Shock  were  taken  through  the 
head,  which  may  eafily  happen  when  a perfon  is  Stooping  over  the  apparatus  in  order  to  adjuft 
it,  it  might  affedt  his  intelledts  for  the  remainder  of  life. 

PROP.  XXL  If  the  circuit  be  interrupted*  the  fluid  will  become  vifible, 
and  where  it  paffes,  it  will  leave  an  impreffion  upon  any  intermediate  body. 

Exp.  1.  Let  the  fluid  pafs  through  a chain,  or  through  any  metallic  bodies  placed  at  fmall 
distances  from  each  other  ; the  fluid,  in  a dark  room,  will  be  vifible  between  the  links  of  the 
chain,  or  between  the  metallic  bodies. 

2.  If  the  circuit  be  interrupted  by  Several  folds  of  paper,  a perforation  will  be  made 
through  it,  and  each  of  the  leaves  will  be  protruded  by  the  Stroke  from  the  middle  towards  the 
outward  leaves. 

3.  Let  a card  be  placed  under  wires  which  form  the  circuit,  where  the  circuit  is  inter* 
tupted  for  the  Space  of  an  inch  : the  card  will  be  difcoloured.  If  one  of  the  wires  be  placed 
under  the  card,  and  the  other  above  it,  the  direction  of  the  fluid  may  be  feen. 

4.  Spirits  of  wine,  or  gun-powder,  being  made  part  of  the  circuit,  may  be  fired. 

5.  Inflammable  air  may  be  fired  by  an  eledtric  gun. 


PROP.  XXII.  The  atmofphere  is  ele&rified,  fometimes  pofitively, 
and  fometimes  negatively. 

• • * Exp, 
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Exp-  Let  a kite  be  fent  up  into  the  air  with  cord  (confiding  of  copper  thread  twilled 
with  twine  ;)  let  the  lower  end  of  the  cord  be  infulated  by  a filk  line  : a metallic  condutor 
fufpended  from  the  lower  end  of  the  cord  will  be  pofitively  or  negatively  electrified.  The  air 
at  fome  diftance  from  houfes,  trees,  marts  of  fhips,  &c.  is  generally  electrified  pofitively  •,  parti- 
cularly in  frofty,  clear,  or  foggy  weather.  For  the  particular  conftruction  of  the  electrical 
kite,  and  other  inftruments  ufed  with  it,  fee  Cavallo’s  Elect.  Vol.  1 1.  chap,  i. 

Schol.  The  following  general  laws  have  been  deduced  by  Mr.  Cavallo,  from  a greaf 
number  of  experiments  made  during  two  years  in  almoft  every  degree  of  the  atmcfphere, 
from  1 5°.  to  8o°.  of  Fahrenheit’s  thermometer. 

I.  The  air  appears  to  be  eletrified  at  all  times  ; its  electricity  is  conftantly  pofitive,  and 
much  ftronger  in  frofty  than  in  warm  weather  ; but  it  is  by  no  means  lefs  in  the  night  than 
in  the  day-time. 

II.  The  prefence  of  the  clouds  generally  leflens  the  electricity  of  the  kite. 

III.  When  it  rains,  the  electricity  of  the  kite  is  generally  negative,  and  very  feldom 
pofitive. 

IV.  The  aurora  borealis  feems  not  to  affect  the  electricity  of  the  kite. 

V.  The  eletrical  fpark,  taken  from  the  firing  of  the  kite,  or  from  any  infulated  con- 
dutor  conneted  with  it,  efpecially  if  it  does  not  rain,  is  very  feldom  longer  than  ± of  an 
inch,  but  it  is  exceedingly  pungent.  When  the  index  of  the  eletrometer  is  not  higher 
than  2o°.  the  perfon  that  takes  the  fpark  will  feel  the  effet  of  it  in  his  legs  ; it  appearing  more 
like  the  difcharge  of  an  eletric  jar,  than  the  fpark  taken  from  a prime  conductor. 

VI.  The  electricity  of  the  kite  is  in  general  ftronger  or  weaker,  according  as  the  firing 
is  longer  or  fhorter  ; but  it  does  not  keep  any  exact  proportion  to  it.  The  electricity,  for 
inftance,  brought  down  by  a firing  of  a hundred  yards,  may  raife  the  index  of  the  electrom- 
eter to  20°.  when  with  double  that  length  of  firing,  the  index  of  the  electrometer  will  not 
go  higher  than  25 °. 

VII.  When  the  weather  is  damp,  and  the  electricity  is  pretty  firong,  the  index  of  the 
electrometer,  after  taking  a fpark  from  the  firing,  or  prefenting  the  knob  of  a coated  phial 
to  it,  rifes  furprifingly  quick  to  its  ufual  place,  but  in  dry  and  warm  weather  it  rifes  exceed- 
ingly flow. 

x 

PROP.  XXIII.  The  eletric  fluid  and  lightning  are  the  fame  fub* 
ftance. 

Their  properties  and  effects  are  the  fame.  Flafhes  of  lightning  are  generally  feen  to  form 
irregular  lines  in  the  air  •,  the  electric  fpark  when  firong,  has  the  fame  appearance.  Lighte- 
ning flrikes  the  higheft  and  moft  pointed  objects  ; takes  in  its  courfe  the  bell  conductors  ; fets 
fire  to  bodies  *,  fometimes  diffolves  metals  * rends  to  pieces  fome  bodies  ; deflroys  animal  life  ; 
in  all  which  it  agrees  (as  has  been  fhewn)  with  the  phenomena  of  eletric  fluid  ; — both 
caufes  have  the  fame  power  of  making  iron  magnetic.  Lightning  has  been  known  to  ftrike 
men  with  blindnefs.  Dr.  Franklin  produced  a fimilar  effet  on  a pigeon  by  the  eletrical 
fluid.  Laftly,  the  lightning  being  brought  from  the  clouds  to  an  eletrical  apparatus,  by  a 
kite  or  wire,  will  exhibit  all  the  appearances  of  the  eletric  fluid, 

Exp. 
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Exp.  Take  a Leyden  phial,  5 inches  in  diameter,  and  13  inches  in  height  *,  on  the  infide 
let  the  coating  rife  till  its  upper  edge  be  2-f  inches  from  the  rim  of  the  veflel  ; on  the  outfide 
let  the  coating  rife  no  higher  than  1 inch  from  the  bottom.  When  the  phial  is  thus  coated, 
let  it  be  charged,  and  a fpark  will  pafs  from  the  tilt-foil  on  the  outfide  to  that  on  the  infide  •, 
but  its  form  will  refemble  that  of  a tree,  whofe  trunk  will  increafe  in  magnitude  and  bril- 
liancy, and  confequently  in  power,  as  it  approaches  the  edge,  owing  to  ramifications  which 
it  collects  from  all  parts  of  the  glafs.  Within  two  inches  of  the  edge,  it  becomes  one 
body,  or  flream,  and  along  that  interval  its  greateft  force  a£ts. 

When  two  clouds,  or  the  two  correfpondent  parts  of  a cloud,  have  their  equilibrium  reftored 
by  a difcharge,  the  appearances  are  exadtly  fimilar  to  thofe  of  the  preceding  experiment. 
Each  extremity  of  the  flafli  is  formed  by  a multitude  of  little  ltreams,  which  gather  into  one 
body,  whofe  power  is  undivided  in  that  interval  only  which  feparates  .the  pofitive  from  the 
negative. 

PROP.  XXIV.  Buildings  may  be  fecured  from  the  effects  of  light- 
ning, by  fixing  a pointed  iron  rod  higher  than  any  part  of  the  building 
and  continuing  it,  without  interruption,  to  the  ground,  or  the  neareft 
water. 

The  electric  fluid  will,  by  means  of  the  pointed  rod,  be  gradually  conveyed  from  the 
cloud  to  the  earth  by  a continued  dream,  and  thus  prevent  the  effects  of  afudden  and  violent 
explofion. 

Exp.  Let  a board,  fhaped  like  the  gable  end  of  a houfe,  be  fixed  perpendicularly  upon 
an  horizontal  board  : in  the  perpendicular  board  let  a hole  be  made,  about  an  inch  fquare 
and  £ inch  deep  *,  in  this  hole  let  a piece  of  wood  nearly  of  the  fame  dimenfions  be  fo  inferted 
as  to  fall  eafily  out  of  its  place,  and  let  a wire  be  fattened  diagonally  to  this  fquare  piece  of 
wood  let  another  wire,  terminated  by  a brafs  ball,  be  faftened  to  the  perpendicular  board, 
with  its  ball  above  the  board,  and  its  lower  end  in  contadt  with  the  diagonal  wire  in  the 
iquare  piece  of  wood  ; let  the  communication  be  continued  by  a wire  to  the  bottom  of  the 
perpendicular  board.  If  the  wires  in  this  flate  be  made  part  of  a circuit  of  communication, 
on  difchargipg  tfje  jar  the  fqqare  piece  .of  wood  will  not  be  difplaced  ; but  if  the  communi- 
cation be  interrupted  by  changing  the  direction  of  the  diagonal  wire,  the  fquare  piece  of 
wood  will,  upon  the  difcharge,  be  driven  out  of  its  place. 

If  inftead  of  the  upper  brafs  ball,  a pointed  wire  be  placed  above  the  perpendicular  hoard, 
the  difcharge  may  be  drawn  ofF  without  an  explofion, 

Schol.  The  following  directions  are  given  by  Earl  Stanhope,  to  perfons  erecting  con- 
ductors for  lightning  : 

(1.)  The  rods  mull  be  made  of  fuch  fubltances  as  are,  in  their  nature,  the  belt  conductors 
of  ele£lricity. 

(2.)  The  rods  mull  be  uninterrupted,  and  perfectly  continuous. 

(3.)  They  muff  be  of  fufficient  thicknefs. 

(4.)  They  mult  be  perfectly  connected  with  the  common  ftock,  that  is,  the  earth,  or 
neareft  water. 

(5.)  The 
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(<;.)  The  upper  extremity  of  the  rods  mud  be  finely  tapered,  and  as  acutely  pointed  as  ' 
pofhble. 

(6.)  The  rods  muft  be  very  prominent,  and  feveral  feet  above  the  chimneys. 

(7.)  Each  rod  muit  be  canned  in  the  {honed  convenient  direction  from  its  upper  end  to 
the  common  dock. 

(8.)  There  diould  be  no  prominent  bodies  of  metal  on  the  top  of  the  building  propofed  to 
be  fecured,  but  fueh  as  are  connected  with  the  conductor  by  fome  proper  metallic  commu-< 
nication. 

(9.)  There  {hould  be  a diffident  number  of  fubdantially  ereded  high  and  pointed  rods. 
See  “ Principles  of  Eledricity,”  by  Charles  Vifcount  Mahon,  now  Earl  Stanhope.  To  the 
fame  work,  the  reader  mud  be  referred  for  an  account  of  a difcovery  made  by  his  lordfhip  in 
the  fcience  of  eledricity,  which  he  denominated  the  “ returning  Jlroke bv  which,  he  aflerts, 
that  perfons  may  be  killed,  and  other  vad  mifehief  enfue  by  lightnings  at  the  didance  of  feveral 
miles  from  the  flaffi.  It  is  proper  alfb  to  obferve,  that  feveral  refpedable  electricians,  though, 
willing  to  admit  the  fad  as  difeovered  by  Earl  Stanhope,  yet  do  not  feem  to  think  that  the 
danger  attending  the  returning  droke  can  ever  be  great  or  formidable.  See  Cavallo’s  Eledr, 
Vol.  11.  and  hi.  Morgan’s  Lectures  on  Eled.  Vol.  11.  Dr,  Hutton’s  Did.  Art.  Returning 
Stroke, 

PROP.  XXV.  The  ele&ric  fluid  pafles  eafily  through  a vacuum. 

The  air  being  a non-condudor,  in  proportion  as  it  is  removed,  the  effort  of  the  cledric 
fiuid  on  the  furface  6f  the  body  pofidvely  eledrified  to  pafs  to  the  next  condudor,  meets 
•with  lefs  refidance,  and  therefore  is  diffufed  over  a greater  fpace. 

Exp.  1 . Let  a jar  be  charged  in  vacuo. 

2.  Let  a luminous  conductor  be  placed  in  the  circuit,  and  obferve  the  fluid  palling  through  it. 

3.  Let  a vacuum  be  made  a part  of  the  circuit  in  difeharging  a phial. 

4.  Make  a vacuum  in  a double  barometer,  and  let  the  fluid  pafs  from  one  leg  to  the  other 
by  conneding  one  of  the  veffels  of  mercury  with  the  condudor. 

5.  The  eledric  fluid  may  be  made  to  pafs  through  a large  tube  three  feet  in  length,  and 
four  or  five  inches  in  diameter,  if,  being  well  exhaufted,  one  end  of  it  be  conneded  with  a 
large  condudor.— The  preceding  experiments  are  to  be  performed  in  a dark  room. 

Schol.  1.  From  the  refeihblarice  between  thefe  eledrical  appearances,  and  the  atmofpher- 
ical  phenomena  of  the  Aurora  Borealis,  meteors,  Sc c.  it  is  inferred,  that  thefe  phenomena 
are  produced  by  the  eledric  fluid. 

Schol.  2.  The  fuccefsof  the  foregoing  experiments  depends,  it  is  highly  probable,  upon 
the  air  in  the  jar,  tube,  See.  being  rarefied  in  a high  degree;  for  Mr.  W.  Morgan,  a gen- 
tieman  deeply  (killed  in  calculations  and  political  arithmetic,  has  (hewn,  that  a perfect  vacuum 
is  abfoiutely  impermeable  to  the  eledric  fluid.  See  Phil.  Tranfi  vol.  lxxv. 

PROP.  XXVI.  Some  fi flies  have  the  property  of  giving  fhocks  analo- 
gous to  thofe  of  artificial  eledricity  j namely,  the  Torpedo , the  Gymnotus 
elefiricus } and  the  Silurus  ele£lricus% 


If 
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If  the  torpedo,  whilft  {landing  in  water,  or  out  of  water,  but  not  infulated,  be  touched 
with  one  hand,  it  generally  communicates  a trembling  motion  or  flight  {hock  to  the  hand. 
If  the  torpedo  be  touched  with  both  hands,  at  the  fame'  time,  one  hand  being  applied  to  its 
under,  and  the  other  to  its  upper  furface,  a fliock  will  be  received  exadlly  like  that  occafioned 
by  the  Leyden  Phial.  When  the  hands  touch  the  fifli  on  the  oppofite  furfaces,  and  juft  over 
the  eledlric  organs,  then  the  fliock  is  the  ftrongeft  j but  no  {hock  is  felt,  if  both  hands  are 
placed  upon  the  eledlric  organs  of  the  fame  furface  j which  {hews  that  the  upper  and  lower 
furfaces  of  the  electric  organs  are  in  oppofite  ftates  of  electricity,  anfwering  to  the  plus  and 
minus  Gdes  of  a Leyden  Phial. 

The  fliock  given  by  the  torpedo  when  in  air,  is  about  four  times  as  ftrong  as  when  in 
water  ; and  when  the  animal  is  touched  on  both  furfaces  by  the  fame  hand,  the  thumb  being 
applied  to  one  furface,  and  the  middle  finger  to  the  oppofite,  the  fliock  is  felt  much  ftronger 
than  when  the  circuit  is  formed  by  both  hands. 

This  power  of  the  torpedo  is  condudled  by  the  fame  fubftances  which  condudl  eledlricity, 
and  is  interrupted  by  thofe  fubftances  which  are  non-condudlors  of  eledlricity.  A circuit 
may  be  made  of  feveral  perfons  joining  hands,  and  the  fliock  will  be  felt  by  them  all  at  the 
fame  time  ; but  the  fliock  will  not  pafs  through  the  leaft  interruption  of  continuity,  not  even 
the  diftance  of  the  two  hundredth  part  of  an  inch. 

No  eledlric  attradlion  or  repulfion  cQuld  be  ever  obferved  to  be  produced  by  the  torpedo, 
nor,  indeed,  by  any  of  the  eleCtric  fiflies.  The  fliocks  of  the  torpedo  feem  to  depend  on  the 
will  of  the  animal. 

The  gymnotus  eledlricus,  or  eledlrical  eel,  poflefles  all  the  eledlric  properties  of  the  tor- 
pedo, but  in  a fuperior  degree.  When  fmall  fifli  are  put  into  the  water  wherein  the  gym- 
notus is  kept,  they  are  generally  {tunned  or  killed  by  the  fliock,  and  then  they  are  fwal- 
lowed,  if  the  animal  be  hungry. 

The  ftrongeft  fliock  of  the  gymnotus  will  pafs  a very  {hort  interruption  of  continuity  in  the 
circuit.  When  the  interruption  is  formed  by  the  incifion  made  by  a pen-knife  on  a flip  of 
tin-foil  that  is  palled  on  glafs,  and  that  flip  is  put  into  the  circuit,  the  fliock,  in  palling  through 
that  interruption,  will  {hew  a fmall  but  vivid  fpark,  plainly  to  be  feen  in  a dark  room. 

The  gymnotus  feems  alfo  to  be  poflefled  of  a fort  of  new  fenfe,  by  which'  he  knows  whether 
the  bodies  prefented  to  him  are  conductors  or  not.  This  fadl  was  afcertained  by  a great 
number  of  experiments  made  by  Mr.  Walfli. 

The  filurus  eledlricus  is  known  to  have  the  power  of  giving  the  {hock,  but  we  have  a 
very  imperfedt  account  of  its  properties. 

A fourth  eledlrical  fifli  was  found  on  the  coaft  of  Johanna,  one  of  the  Comora  iflands,  in 
lat.  12°.  13'.  fouth,  by  William  Paterson  j and  an  account  of  it  was  publilhed  in  the 
76th  vol.  of  the  Phil.  Tranf. 

Schol.  When  eledlricity  is  ftrongly  communicated  to  infulated  animal  bodies,  the  pulle 
is  quickened,  and  perfpiration  increafed  j and  if  they  receive,  or  part  with  their  eledlricity  on 
a fudden,  a painful  fenfation  is  felt  at  the  place  of  communication.  But  what  is  more  extra- 
ordinary is,  that  the  influence  of  the  brain  and  nerves  upon  the  mufcles  feems  to  be  of  an 
eledlric  nature. 
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We  are  indebted  for  this  difcovery  to  M.  Galvini,  a learned  Italian,  who  has  denominated 
that  part  of  feience,  animal  electricity.  We  (hall,  without  pretending  to  enter  at  large 
on  the  fubjeCt,  give  the  refult  of  the  principal  obfervations  hitherto  made,  together  with  three 
or  four  illultrative  experiments. 

1.  The  nerve  of  the  limb  of  an  animal  being  laid  bare,  and  furrounded  with  a piece  of  tin- 
foil,  if  a communication  be  formed  between  the  nerve  thus  armed,  and  any  of  the  neighbour- 
ing mufcles,  by  means  of  a piece  of  zinc,  ftrong  contractions  will  be  produced  in  the  limb. 

2.  If  a portion  of  the  nerve  which  has  been  laid  bare  be  armed  as  above,  contractions 
will  be  produced  as  powerfully,  by  forming  the  communication  between  the  armed  and  bare 
part  of  the  nerve,  as  between  the  armed  part  and  muicle. 

3*.  A fimilar  efFeCt  is  produced  by  arming  a nerve,  and  limply  touching  the  armed  part 
of  the  nerve  with  the  metallic  conductor. 

4.  Contractions  will  take  place  if  a mufcle  be  armed,  and  a communication  be  formed 
by  means  of  the  conductor  between  it  and  a neighbouring  nerve.  The  fame  effeCt  will  be 
produced  if  the  communication  be  formed  between  the  armed  mufcle  and  another  mufcle 
which  is  contiguous  to  it. 

5.  Contractions  may  be  produced  in  the  limb  of  an  animal  by  bringing  the  pieces  of 
metal  into  contaCt  with  each  other  at  fome  diltance  from  the  limb,  provided  the  latter  make 
part  of  a line  of  communication  between  the  two  metallic  conductors. 

6.  Contractions  can  be  produced  in  the  amputated  leg  of  a frog,  by  putting  it  into  water, 
and  bringing  the  two  metals  into  contaCt  with  each  other  at  a fmall  diltance  from  the  limb. 

7.  The  influence  which  has  palled  through,  and  excited  contractions  in,  one  limb,  may 
be  made  to  pafs  through,  and  excite  contractions  in,  another  limb. 

8.  The  heart  is  the  only  involuntary  mufcle  in  which  contractions  can  be  excited  by 
thefe  experiments. 

9.  Contractions  are  produced  more  Itrongly  the  farther  the  coating  is  placed  from  the 
origin  of  the  nerve. 

10.  Animals  which  were  almoli  dead  have  been  found  to  be  confiderably  revived  by 
exciting  this  influence. 

1 1.  When  thefe  experiments  are  repeated  upon  an  animal  that  has  been  killed  by  opium, 
or  by  the  eleCtric  Ihock,  very  flight  contractions  are  produced  ; and  no  contractions  whatever 
will  take  place  in  an  animal  that  has  been  killed  by  corrolive  fublimate,  or  that  has  been 
Itarved  to  death. 

t 

12.  Zinc  appears  to  be  the  bell  exciter  when  applied  to  gold,  filver,  molybdena,  Iteel, 
or  copper.  The  latter  metals,  however,  excite  but  feeble  contractions  when  applied  to  each 
other.  Next  to  zinc,  in  contaCt  with  thefe  metals,  tin  and  lead,  and  Giver  and  lead,  appear 
to  be  the  molt  powerful  exciters. 

Exp.  1.  Place  the  limb  of  an  animal,  a frog,  for  inltance,  upon  a table  *,  hold  with  one 
hand  the  principal  nerve  previoufly  laid  bare,  and  in  the  other  hold  a piece  of  zinc  •,  let  a fmall 
plate  of  lead  or  filver  be  then  laid  upon  the  table,  at  fome  diltance  from  the  limb,  and  a 
communication  be  formed,  by  means  of  water,  between  the  limb  and  the  part  of  the  table 
where  the  metal  is  lying.  If  now,  the  filver  be  touched  with  the  zinc,  contractions  wilt 
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be  produced  in  the  limb  the  moment  that  the  metals  come  into  Contact  with  each  other.  The 
fame  effedl  will  be  produced,  if  the  two  pieces  of  metal  be  previously  placed  in  contact,  and? 
the  operator  touch  one  of  them  with  his  finger. 

2.  Let  two  amputated  limbs  of  a frog  be  taken  ; let  one  of  them  be  laid  upon  a table, 
and  its  foot  be  folded  in  a piece  of  filver  •>  let  a perfon  lift  up  the  nerve  of  this  limb  with? 
a filver  probe,  and  another  perfon  hold  in  his  hand  a piece  of  zinc,  with  which  he  is  to  touch 
the  liiver  including,  the  foot  *,  let  the  perfon  holding  the  zinc  in  one  hand,  catch  with  the 
other  the  nerve  of  the  fecond  limb,  and  he  who  touches  the  nerve  of  the  firft  limb  is  to  hold'- 
in  the  other  hand  the  foot  of  the  fecond  , let  the  zinc  now  be  applied  to  the  filver,  including 
the  foot  of  the  firft,  and  contractions  will  be  immediately  excited  in  both  limbs. - 

3.  Take  a living  flounder,  lay  it  flat  in  a pewter-plate,  or  upon  a flieet  of  tin-foil,  and 
put  a piece  of  filver,  as  a {hilling,  or  a half  crown,  upon  the  fi(h.  Then  by  means  of  a piece 
of  metal,  complete  the  communication  between  the  pewter-plate,  or  tin-foil,  and  the  filver 
piece,  on  doing  which  the  animal  will  give  evident  tokens  of  being  affedled. 

4.  Let  a perfon  lay  a piece  of  zinc  upon  his  tongue,  and  a half  crown,  or  other  filver, 
under  it  ; on  forming  a communication  between  thofe  two  metals,  by  bringing  their  two 
edges  into  contaCl,  he  will  perceive  a peculiar  fenfation,  a kind  of  cool  fub-acid  tafte,  not 
exadlly  like,  and  yet  not  much  different  from  that  produced  by  artificial  eledlricity.  See 
Cavallo’s  Eledl.  Vol.  in. 

Schol.  2.  EleCfricity  has  been  adminlftered  for  various  difeafes.  Mr.  Cavallo  has  taken' 
great  pains  in  afeertaining  the  cafes  in  which  eledlricity  has  been  fuccefsfully  applied.  We 
are  informed  by  that  gentleman,  that  rheumatic  diforders , even  of  long  ftanding,  are  relieved, 
and  generally  quite  cured.  Deafnefs,  the  tooth-ach,  fwellings  in-  general*  inflammations  of 
every  fort,  palfies,  ulcers,  cutaneous  eruptions,  the  St.  Vitus’  dance,  fcrophulous  tumours, 
cancers,  abfeefles,  nervous  head-achs,  the  dropfy,  gout,  agues,  and  obftrudlions,  have  all 
been  confiderably  relieved,  and  in  many  inftances  perfedlly  cured,  by  the  application  of  elec- 
tricity. A full  account  of  the  method  of  adminiftering  electricity  in  the  cafea  above  mention- 
ed, with  an  accurate  defeription  of  the  inftruments  ufed,  may  be  feen  in  the  ad  Vol.  of  Ca-- 
vallo’s  Complete  Treatife  of  Electricity. 

PROP.  XXVII.  There  is  a confiderable  analogy  and  difference  be^ 
tween  magnetifm  and  electricity. 

The  power  of  electricity  is  of  two  forts,  pofitive  and  negative  ; bodies  pofiefled  of  the' 
fame  fort  of  ele&ricity,  repel  each  other,  and  thofe  poffeffed  of  different  forts  attraCt  each 
other.  In  magnetifm,  every  magnet  has  two  poles  \ poles  of  the  fame  name  repel  each  other, 
and  the  contrary  poles  attract  each  other.  , 

In  electricity,  when  a body  in  its  natural  ftate  is  brought  near  to  one  eleCtrified,  it'  acquires- 
a contrary  eleCtricity,  and  becomes  attracted  by  it.  . In  magnetifm,  when  a ferruginous  fub- 
fiance  is  brought  near  to  one  pole  of  a magnet,  it  acquires  a contrary  polarity,  and  becomes 
attracted  by  it. 

One 
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One  fort  of  electricity  cannot  be  produced  by  itfelf.  In  like  manner,  no  body  can  have 
only  one  magnetic  pole. 

The  eleCtric  virtue  may  be  retained  by  eleCtrics,  but  it  eafily  pervades  non-ele£trics.  The 
magnetic  virtue  is  retained  by  ferruginous  bodies,  but  it  eafily  pervades  other  bodies. 

On  the  contrary,  the  magnetic  power  differs  from  the  eleCtric,  in  that  it  does  not  affeCt 
the  fenfes  with  light,  fmell,  talle,  or  noife,  as  the  eleCtric  does. 

Magnets  attract  only  iron,  whereas  the  eleCtric  power  attracts  bodies  of  every  fort. 

The  eleCtric  virtue  refides  on  the  furface  of  eledlrified  bodies,  but  the  magnetic  is  internal. 

A magnet  lofes  nothing  of  its  power  by  magnifying  other  bodies,  but  an  electrified  body 
lofes  part  of  its  electricity  by  electrifying  other  bodies.  See  Cavallo’s  Magnetifm,  Part  iu 
Chap,  ii. 


*2 


» 


BOOK. 


2&j~ 

. * . :i  , , j : . r ■ 

BOOK  VI. 
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Of  Light, 

Def.  I.  T“  IGHT  is  that  which,  proceeding  from,  any  body  to  the  eyer 
i produces  the  perception  of  feeing. 

Def.  II.  A Ray  of  Lights  is  any  exceedingly  fmall  portion  of  light,  as 
it  comes  from  a luminous  body. 

Def.  III.  A body  which  is  tranfparent,  or  affords  a paffage  for  the 
rays  of  light,  is  called  a Medium.- 

Def.  IV.  Rays  of  light  which,  coming  from  a point,  continually  fep- 
arate  as  they  proceed,  are  called  Diverging  Rays. 

Def.  V.  Rays  which  tend  to  a common  point  are  called  Converging 
Rays.  The  divergency,  or  convergency,  of  rays,  is  meafured  by  the 
angle  contained  between  the  lines  which  the  rays  deferibe. 

Def.  VI.  Rays  of  light  are  parallel , when  the  lines  which  they  de-* 
feribe  are  parallel. 

Def.  VII.  A Beam  of  light,  is  a body  of  parallel  rays  \ a Pencil  of 
rays,  is  a body  of  diverging  or  converging  rays. 

Def.  VIII.  The  point  from  which  diverging  rays  proceed,  is  called 
the  radiant  point ; that  to  which  converging  rays  are  dire&ed,  is  called- 
the  focus . 

Plate  6.  If  the  rays  proceed  from  B';  BD,  BA,  BC,  BE,  are  diverging  rays,  and  B is  the  radiant ; 

r,2-  *•  if  the  rays  tend  towards  B,  DB,  AB,  &c.  are  converging  rays,  and  B is  the  focus. 

Fig.  i.  If  the  rays  AC,  BC,  converge  to  the  focus  C,  pafling  on  from  thence  in  a right  line, 

they  beconje  diverging,  and  C becomes  a radiant.” 

Def, 
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Def.  IX.  A ray  of  light  bent  from  a ftraight  courfe  in  the  fame  me- 
dium, is  faid  to  be  irifleciecL 


PROPOSITION  I. 

Rays  of  light  confift  of  particles  of  matter. 

For,  like  all  matter  with  which  we  are  acquainted,  they  are  capable  of*  being  inflected 
out  of  their  courfe  by  attraction. 

Exp.  i.  If  a beam  of  light  be  admitted  into  a dark  room  through  a fmall  hole,  and  the 
edge  of  a knife  be  brought  near  the  beam,  the  rays,  which  would  otherwife  have  been  in 
a ftraight  line,  will  be  infleCted  towards  the  knife.  The  edge  of  any  other  thin  plate  of 
metal,  &c.  produces  the  fame  effeCt. 

2.  The  fhadow  of  a fmall  body,  as  a hair,  a thread,  See.  placed  in  a beam  of  the  fun’s 
light,  will  be  much  broader  than  it  ought  to  be  if  the  rays  of  light  palled  by  thefe  bodies  in 
right  lines; 

3.  A beam  of  light  palling  through  an  exceedingly  narrow  flit,  not  above  part  of 
an  inch  broad,  will  be  fplit  into  two,  and  leave  a dark  fpace  in  the  middle. 

PROP.  II.  Every  vifible  body  emits  particles  of  light  from  its  furface 
in  all  directions,  which,  palling  without  obftru6tion,  move  in  right  lines,- 

Wherever  a fpe&ator  is  placed  with  refpeft  to  a luminous  body,  every  point  of  that  part 
of  the  furface  which  is  turned  towards  him  is  vifible  to  him : the  particles  of  light  are, 
therefore,  emitted  in  all  directions,  and  thofe  rays  only  are  intercepted  in  their  paflage  by 
an  interpofed  objeCt,  which  would  be  intercepted  upon  the  fuppofition-  that  the  rays  move 
in  right  lines. 

Exp.  1.  Let  a portion'  of  a beam  of  light  be  intercepted  by  any  body:  the  lhadow  of 
that  body  will  be  bounded  by  right  lines  palling  from  the  luminous  body,  and  meeting  tire 
lines  which  terminate  the  opaque  body. 

2.  A ray  of  light,  palling  through  a fmall  orifice  into  a dark  room,  proceeds  in  a ftraight 
line. 

3.  RayS  will  not  p'a'fs  through  a bended  tube. 

Schol.  Rays  of  light  are  properly  reprefented  by  right  lines. 

PROP.  III.  The  rays  of  light  move  with  great  velocity.- 

The  velocity  of  light  is  much  greater  than  that  of  found  j for  the  flalh  of  a gun,  fired  at 
a confiderable  diftance,  is  feen  fome  time  before  the  report  is  heard.  The  clap  of  thunder 
is  not  heard  till  fome  time  after  the  lightning  has  been  feen. 

This  propofition  is  proved  by  obfervations  made  on  the  fatellites  of  the  planet  Jupiter, 
and  on  the’  aberration  of  the  rays  of  light  from  the  fixed  ftars,  as  will  be  Ihcwn  in  treating 

upon 
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upon  Advonomy  : from  whence  it  will  be  feen,  that  the  velocity  is  at  the  rate  <jf  200.00Q 
miles  in  one  fecond  of  time. 


PROP.  IV.  The  particles  of  light  are  exceedingly  finall. 

Otherwife  their  velocity  would  render  their  momentum  too  great  to  be  endured  by  the 
eye  without  pain. 

Exp.  1.  If  a candle  be  lighted,  and  there  be  no  obdacle  to  obdru£l  the  progrefs  of  its 
rays,  it  will  fill  all  the  fpace  within  two  miles  every  way  before  it  has  loft  the  lead  fenfible 
part  of  its  fubdance. 

2.  Rays  of  light  will  pafs  without  confufion  through  a fmall  punfture  in  a piece  of 
paper,  from  feveral  candles  in  a line  parallel  to  the  paper,  and  form  didin£t  images  on  a 
fheet  of  padeboard  placed  behind  the  paper. 

PROP.  V.  The  quantities  of  light,  received  from  a luminous  body 
upon  a given  furface,  are  inverfely  as  the  fquares  of  the  diftances  of  the 
furface  from  the  luminous  body, 

Plate  6.  Let  ABD,  EFG,  be  two  concentric  fpherical  furfaces  $ of  which  let  ELFI,  AHBK,  be 
f’2-  3-  two  fimilar  portions.  Let  the  rays  CE  and  CF,  with  the  red  proceeding  from  the  centre 
C,  fall  upon  the  portion  ELFI,  and  cover  it : it  is  evident  from  infpedtion,  that  the  fame 
rays  at  the  didance  CH  will  cover  the  portion  AHBK  only  $ now  thefe  rays  being  the  fame 
in  number  at  each  place,  will  be  as  much  thinner  in  the  former,  than  they  are  in  the  latter, 
as  ELFI  is  larger  than  AHBK ; but  thefe  fpaces  being  fimilar  portions  of  the  furfaces  of 
fpheres,  have  the  fame  ratio  to  each  other,  that  the  furfaces  themfelves  have,  that  is,  they 
are  to  each  other  as  the  fquares  of  their  radii  CL,  CH : the  denfity  of  the  rays  is  therefore 
inverfely  as  the  fquares  of  thefe  radii,  or  of  their  didances  from  the  luminous  point  C. 

Plate  12.  Exp.  The  light,  pading  from  a candle  through  a fquare  orifice,  will  diverge  as  it  pro- 
f’s- 8.  ceeds,  and  will  illuminate  furfaces  which  will  be  to  each  other  as  the  fquares  of  their  dis- 
tances from  the  candle.  Thus  at  the  didance  AF  the  candle  will  illuminate  the  fquare 
BF,  at  the  didance  AO  it  will  illuminate  the  furface  CO  equal  to  four  times  BF,  and  at 
the  didance  AS  it  will  illuminate  the  furface  DS  equal  to  nine  times  BF,  but  AF,  AO,  and 
AS,  are  as  x,  2,  and  3,  confequently,  the  illuminated  furfaces  are  as  the  fquares  of  the  dif- 
tances. 


PROP.  VI.  If  the  diftance  between  rays  diverging  from  different  radi* 
ant  points  be  the  fame,  the  diftances  of  the  radiant  points  are  inverfely  as 
the  divergency  of  the  rays. 

Let 
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Let  D and  E fee  two  different  radiants ; and  let  the  rays  diverging  from  D defcribe  the  Plate  6. 
lines  DA,  DB,  and  the  rays  diverging  from  E defcribe  the  lines  EA,  EB  ; fo  that,  at  the  1'13-  4- 
points  A and  B,  the  diftance  between  the  former  rays  {ball  be  the  fame  with  the  diftance 
between  the  latter,  and  let  EC,  DC,  be  the  perpendicular  diftances  of  the  radiants  E,  D. 

At  the  point  E make  the  angle  ZEC  equal  to  ADC,  which  is  half  ADB  : whence  ZEC 
and  ADC  (El.  V.  7.)  have  the  fame  ratio  to  AEC.  But  if  t-hefe  angles  are  fmall,  they  are 
very  nearly  in  the  proportion  of  their  fines  ZC,  AC.  And  becaufe  the  angle  ADC  is  equal 
to  the  angle  ZEC  (El.  I.  28.)  AD  i-s  parallel  to  ZE  : and  becaufe  thefe  lines  are  parallel, 

(El.  I.  29.)  the  angles  CAD,  CZE,  are  equal : whence  the  two  triangles  ZEC,  ADC,  are 
equiangular,  and  (El.  VI.  4.) -EC  is  to  DC,  as  ZC  to  AC,  or  (from  what  was  fhewn  above) 
as  ADC  to  AEC  : that  is,  the  diftance  of  the  radiant  E is  to  the  diftance  of  the  radiant  D, 
as  half  the  angle  of  divergency  of  the  rays  which  proceed  from  D is  to  half  the  divergency 
of  the  rays  which  proceed  from  E,  or  as  the  whole  angle  of  divergency  ADB  to  the  whole 
angle  of  divergency  AEB  } that  is,  the  diftances  of  the  radiants  are  inverfely  as  the  diver- 
gency of  the  rays. 


PROP.  VII.  If  the  diftance  between  converging  rays  tending  to  dif- 
ferent foci  be  the  fame,  the  diftances  of  the  foci  are  inverfely  as  the  con- 
vergency  of  the  rays. 

Let  AD,  BD,  be  lines  defcribed  by  rays  converging  to  the  focus  D,  and  AE,  flE,  lines  plate  6, 
defcribed  by  other  rays  converging  to  E,  and  let  the  diftance  AB,  at  the  points  A and  B,  be  FlS-  4” 
the  fame  between  the  former  and  the  latter  rays.  The  angles  ADB,  AEB,  are  in  this  cafe 
the  angles  of  convergency;  and  EC,  DC,  are  diftances  of  the  foci  to  which  they  refpec- 
tively  tend.  Now  it  was  proved  in  the  laft  Prop,  that  EC  is  to  DC  as  ADB  is-  to  AEB-. 
Therefore  the  diftances  of  the  foci  are  inverfely  as  the  convergency  of  the  rays. 

PROP.  VIII.  If  rays  proceed  from  a radiant  at  an  infinite  diftance* 
their  divergency  is  nothing,  and  the  rays  are  confidered  as  parallel. 

Since  (by  Prop.  VI.)  the  divergency  of  rays  is  inverfely  as  the  diftance  of  the  radiant, 
when  the  diftance  of  the  radiant  is  infinitely  great,  the  angle  of  divergency  is  infinitely 
fmall,  and  the  rays  may  be  confidered  as  parallel. 

Cor.  Hence  all  the  rays  which  come  from  the  centre,  or  any  other  given  point,  of  the 
fun’s  furface,  are  confidered  as  parallel. 


PROP.  IX.  If  rays  tend  to  a focus  at  an  infinite  diftance,  their  con- 
vergency is  nothing,  and  the  rays  are  confidered  as  parallel. 

Since  (by  Prop.  VII.)  the  convergency  is  inverfely  as  the  diftance  of  the  focus,  when 
that  diftance  is  infinitely  great,  the  angle  of  convergency  is  infinitely  fmall, 
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Of  Refraction. 

SECT.  I. — Of  the  Laws  of  Refraction. 

Def.  X.  A ray  of  light  bent  from  a ftraight  courfe  by  palling  out 
of  one  medium  into  another,  is  faid  to  be  ref  rafted. 

Def.  XI.  The  Angle  of  Incidence,  is  that  which  is  contained  between 
the  line  defcribed  by  the  incident  ray,  and  a line  perpendicular  to  the 
furface  on  which  the  ray  ftrikes,  -raifed  from  the  point  of  incidence. 

Def.  XII.  The  A?igle  of  Refraftion , is  that  which  is  contained  be- 
tween the  line  defcribed  by  the  refraCted  ray,  and  a line  perpendicular  to 
the  refracting  furface  at  the  point  in  which  the  ray  palfes  through  that 
furface. 

I t 

De  f.  XIII.  The  Angle  of  Deviation , is  that  which  is  contained  be- 
tween the  line  of  direction  of  an  incident  ray,  and  the  direction  of  the 
fame  ray  after  it  is  refraCted. 

AC  is  a ray  of -light  ; HK  the  furface  of  the  refraCting  medium-,  CF  the  refraCted  ray; 
OP  the  perpendicular  ; ACO  the  angle  .of  incidence  *,  PCF  the  angle  of  refraCtion,  and 
FCL  the  angle  of  deviation. 

-Schol.  The  radiant  point  and  focus  may  be  either  real  or  imaginary.  If  the  rays  rn% 
ro , diverging  from  the  radiant  r,  pafs  into  a refracting  medium,  and  move  on  in  the  direc- 
tions of  the  lines  «A,  oB,  which  produced  in  the  contrary  direction  would  meet  in  R,  this 
radiant  point  is  imaginary. 

If  the  rays  I p,  L q,  tending  towards  the  point  F,  .be  refraCted  at  p and  q,  and  acquire  a 
direction  towards/,  the  focus  /is  imaginary, 

PROP.  X.  The  attracting  force  of  any  medium,  aCting  upon  a ray 
of  light,  is  every  where  perpendicular  to  the  refraCting  furface. 

If  the  medium  be  uniform  in  all  its  parts,  its  immediate  power  upon  the  ray  of  light  will 
be  equally  flrong  in  every  point  of  a plane  drawn  parallel  to  the  refraCting  furface  -,  though 
its  ftrength  may  be  different  in  the  next  parallel  plane,  and  fo  onwards  as  far  as  that  power 
is  extended  on  each  fide  of  the  furface  of  the  medium.  The  extent  of  this  power  will 
therefore  be  terminated  by  two  planes,  parallel  to  one  another  and  to  the  refraCting  furface. 
/,et  R be  a particle  of  light,  aCted  upon  by  the  refraCtive  power  of  the  medium  whofe  re- 
fraCting 
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framing  furface  is  DC.  It  is  evident  that  the  refractive  power  at  O will  move  the  particle 
R in  the  direction  RO  : and  taking  any  two  points  D,  C,  at  equal  diftances  on  each  fide  of 
O,  the  powers  at  D and  C being  equal,  and  aCting  at  equal  diftances,  RD,  RC,  equally 
inclined  to  RO,  cannot  move  R in  any  direction  but  that  of  RO.  The  fame  may  be  fhewn 
of  the  powers  at  every  point  of  the  line  DC,  and  in  every  line  parallel  to  DC,  that  is,  of 
the  whole  power  of  the  medium. 

PROP.  XI.  A ray  of  light,  in  palling  out  of  a rarer  into  a denfer 
medium,  is  refracted  towards  a perpendicular  to  the  furface  of  the  denfer, 
raifed  from  the  point  in  which  the  ray  meets  the  medium  ; in  palling 
out  of  a denfer  into  a rarer  niedium,  it  is  refra&ed  from  the  fame  per- 
pendicular. 

Let  a ray  of  light,  AC,  pafs  obliquely  out  of  a rarer  medium  X,  into  a denfer  medium 
Z ; let  HK  be  the  plane  furface  of  the  denfer  medium  ; from  the  point  C,  in  which  the  ray 
AC  paffes  into  the  denfer  medium,  raile  the  perpendicular  OCP : the  ray  will  be  refraCted 
out  of  the  direction  ACL,  towards  the  perpendicular  OCP. 

Becaufe  the  ray  is  more  attracted  by  the  denfer  medium  than  by  the  rarer,  it  will  be 

accelerated  on  entering  the  medium  Z : for  whilft  the  ray  is  fo  near  the  furface  of  the 

medium  Z as  to  be  within  its  attraction,  and  more  attracted  downwards  than  upwards,  this 
attraction  confpires  with  the  motion  of  the  ray,  and,  confequently,  increafes  its  velocity. 
And,  fin.ce  the  aCtion  of  the  attracting  force  of  the  medium  Z,  muft  (by  prop.  X.)  be  in 
the  direction  of  a line  OCP  perpendicular  to  its  furface,  if  the  oblique  motion  of  the  ray  in 
the  direction  AC  be  refolved  into  two  others,  AD  parallel  to  the  furface  HK,  and  AB,  or 
DC,  perpendicular  to  it,  the  parallel  motion  AD  cannot  be  accelerated  or  retarded  by  the 
attraction  which  aCts  in  the  direction  OC  : the  change  of  velocity,  therefore,  which  the  ray 
receives  from  the  attracting  force,  muft  be  made  in  the  perpendicular  part  of  its  motion  DC. 
Take  CG  greater  than  DC  reprefenting  the  perpendicular  motion  of  the  ray  after  pafling 
into  the  denfer  medium  ; and  take  CE  equal  to  AD  reprefenting  the  parallel  part  of  the 

motion  of  the  ray,  which,  *becaufe  it  is  parallel  to  AB,  remains  the  fame  when  the  ray 

enters  the  denfer  medium.  The  ray,  therefore,  at  its  entering  the  medium  Z,  may  be  con- 
fidered  as  aCted  upon  by  two  forcces  CE,  CG,  and  confequently  (Book  II.  Prop.  XIV.)  will 
defcribe  the  diagonal  CF  of  a parallelogram,  the  fides  of  which  are  CE,  CG.  Now,  of 
thefe  fides  CE  remaining  the  fame,  whilft  CG  becomes  greater  than  CD,  the  angle  GCF 
(from  the  nature  of  the  parallelogram)  will  be  lets  than  the  angle  NCL,  equal  (El.  I.  15.) 
to  ACD.  Therefore  the  ray,  after  it  has  puffed  into  the  denfer  medium,  makes  a let  angle 
with  the  perpendicular  OCP  than  AC,  the  ray  before  it  paffes  into  the  denfer  medium  •,  that 
is,  the  ray,  in  palling  out  of  the  rarer  into  the  denfer  medium,  is  refraCted  towards  the  per- 
pendicular. On  the  contrary,  whilft  the  ray  of  light  FC  is  pafling  out  of  the  denfer 
medium  Z into  the  rarer  medium  X,  it  is  more  attracted  by  the  denfer  than  by  the  rarer 
medium,  and  is  therefore  more  drawn  downwards  than  upwards  *,  whence  the  attraction 
oppofes  the  motion  of  the  ray,  and  will  retard  it  as  much  as  in  pafling  out  of  the  rarer  into 
the  denfer  medium  it  was  accelerated  ; and,  confequently,  the  elleCt  will  be  the  reverfe 
of  that  which  was  (hewn  in  the  former  cafe. 

Y Schol. 
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Schol.  Tlie  principles  of  optics  are  demonftratcd  upon  the  fuppofition  that  light  is 
an  homogeneal  fubitance  ; and  though  light  will  appear  to  be  compounded  of  feveral  kinds 
of  rays,  yet  the  principles  of  refraction  and  reflection,  &c.  are  mathematically  true  when 
applied  to  rays  of  any  one  fort. 

Exp.  i.  Let  a perpendicular  cylindrical  vefTel  be  fo  placed  that  the  fun,  fliining  upon  its 
fide  N A,  may  caft  the  fhadow  of  the  fide  to  a point  L in  the  bottom  of  the  vefi'el.  This 
lhadow  is  terminated  by  SNL,  a ray  which  pafles,  in  a'  right  line,  by  the  edge  of  the  vefTel. 
If  the  veil'd  be  filled  with  water,  the  fhadow  will  recede,  as  tile  water  is  poured  into  the 
vefTel,  from  the  point  L which  terminated  it  when  the  vefTel  wa's  empty,  towards  the  .fide 
NA,  on  which  the  fun  fhines,  and  will  be  terminated  by  the  ray  ONC  : that  is,  the  ray 
SNL,  which  firfl:  terminated  the  fhadow,  by  paffing  out  of  the  air  into  the  water,  is  refracted 
towards  AN,  a line  drawn  perpendicular  to  the  furface  of  the  water,  at  the  point  in  which 
the  ray  enters  the  water  : or  the  angle  of  refradlion  is  lefs  than  the  angle  of  incidence. 

2.  Let  a fmall  bright  object  be  laid  upon  the  bottom  of  a cylindrical  vefTel  NBAL  at  C. 
Let  the  fpe&ator’s  eye  be  fo  placed  at  S,  as  juft  to  lofe  fight  of  the  object  at  C,  that  is,  fo 
that  a ray  pafhng  in  a right  line  from  the  remote  edge  of  the  objedt  towards  the  eye  at  S 
will  be  intercepted  by  the  edge  of  the  vefTel,  or  that  the  firfl  ray  which  is  not  intercepted 
pafles  in  the  direction  ONC  above  the  eye.  Whilfl  the  eye  continues  in  the  fame  fituation, 
if  the  vefTel  be  filled  with  water,  the  object  will  become  vifible  •,  that  is,  the  ray  which 
paired  from  the  remote  edge  of  the  objedl,  in  a right  line  CNO,  by  the  vefTel,  in  entering 
the  air  is  refradled  into  the  diredlion  NS,  towards  the  eye,  or  from  the  perpendicular  PNA, 

PROP.  XII.  All  refraction  is  reciprocal. 

The  ray  AC,  in  pafling  out  of  the  medium  X into  Z,  is  refracted  into  CF,  becaufe 
it  is  accelerated  at  its  entrance  into  Z by  the  greater  attradlion  of  the  denfer  medium  : 
and  the  ray  FC  in  pafling  out  of  Z into  X is  refradled  into  CA,  becaufe  it  is  retarded  by 
the  fame  attraction.  Since,  then,  the  acceleration  and  retardation  are  produced  by  the  fame 
degree  of  attraction  in  oppofite  directions,  they  will  be  equal  to  one  another,  and  the  refrac- 
tions produced  by  them  will  be  eq  ual,  but  in  oppofite  dire£tions  ; that  is,  if  the  refracted 
ray  becomes  the  incident  ray,  the  incident  ray  will  become  the  refracted  one  : or,  the  re- 
fractions are  reciprocal. 

PROP.  XIII.  In  any  two  given  mediums,  the  fine  of  any  one  angle 
of  incidence  has  the  fame  ratio  to  the  fine  of  the  correfponding  angle  of 
refraction,  as  the  fine  of  any  other  angle  of  incidence  has  to  the  fine  of 
its  correfponding  angle  of  refraction. 

The  oblique  motion  of  the  ray  AC,  in  pafling  out  of  the  rarer  medium  X into  the  denfer 
medium  Z,  may  be  refolved  into  AD  parallel  to  the  furface  HK,  and  AB  or  DC  perpendicu- 
lar to  it.  Of  thefe  (as  was  fliewn  in  Prop.  XL)  only  the  perpendicular  motion  DC  is  accel- 
erated. Take  CN  equal  to  CD,  and  continue  the  refracted  ray  CS  to  F,  fo  that  if  FG  is 
drawn  perpendicular  to  OP,  FG  may  be  equal  to  AD  ; and  draw  NS  the  fine  of  the  angle 
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of  refraction  NCS.  The  perpendicular  velocity  of  the  ray  in  the  medium  Z (by  Prop.  XI.) 
is  CG,  that  is,  the  ray  is  accelerated  in  the  ratio  of  CN  to  CG.  But,  becaufe  CGF,  CNS,  are 
equiangular  triangles,  (El.  VI.  4.)  GF  the  fine  of  the  angle  of  incidence  is  to  NS  the  fine  of 
the  angle  of  refraction,  as  CG  the  velocity  of  the  ray  in  the  denfer  medium  Z,  is  to  CN  the 
velocity  of  the  ray  in  the  rarer  medium  X ; that  is,  the  fines  of  the  angles  of  incidence  are  in- 
verfely  as  the  velocities  of  the  ray.  But  where  the  two  mediums  are  given,  as  Xand  Z,  their 
denfities,  and  confequently,  the  differences  of  their  attractions  are  given  : and,  fince  the  ratio 
of  velocities  in  different  mediums  depends  upon  the  difference  of  their  attracting  force, 
where  this  difference  is  given,  the  ratio  of  the  velocities  cannot  be  altered  by  changing  the 
obliquity  of  the  ray,  fo  that,  if  the  velocity  in  one  medium  is  to  that  in  another,  as  CG  to 
CN,  and  the  fine  of  .the  angle  of  incidence  be  to  that  of  refraCtion  in  any  one  degree  of  obli- 
quity ; as  GF  to  NS,  this  ratio  will  continue  the  fame  in  every  degree  of  obliquity  ; for 
GF  will  always  be  to  NS  in  the  ratio  of  CG  to  CN. 

Cor.  x.  Hence,  when  the  angle  of  incidence  is  increafed,  the  correfponding  angle  of 
refraction  will  alfo  be  increafed  : becaufe  the  ratio  of  their  fines  cannot  continue  the  fame, 
unlefs  they  be  both  increafed  : and  if  two  angles  of  incidence  be  equal,  the  angles  of  re- 
fraCtion  will  alfo  be  equal. 

Cor.  2.  Hence  the  angle  of  deviation  varies  with  the  angle  of  incidence. 

Schol.  1.  If  a ray  of  light,  AC,  pafs  obliquely  out  of  air  into  glafs,  AD  the  fine  of  the  Plate  6. 
angle  of  incidence  ACD,  is  to  NS  the  fine  of  the  angle  of  refraction  NCF,  nearly  as  3 to  2 : FlS- 
therefore,  fuppofing  the  fines  proportional  to  the  angles,  the  fine  of  FCL  the  angle  of  devia- 
tion, is  as  the  difference  between  AD  and  NS,  that  is,  as  3 — 2,  or  1,  whence  the  fine  of 
incidence  is  to  the  fine  of  the  angle  of  deviation  as  3 to  x.  In  like  manner  it  may  be  fhewn, 
that,  when  the  ray  paffes  obliquely  out  of  glafs  into  air,  the  fine  of  the  angle  of  incidence 
will  be  to  that  of  deviation,  as  NS  to  AD — NS,  that  is,  as  2 to  1.  In  paffing  out  of  air  into 
water,  the  fine  of  the  angle  of  incidence  is  to  that  of  refraCtion,  as  4 to  3,  and  to  that  of 
deviation,  as  4 to  4 — 3,  or  1 : and  in  paffing  out  of  water  into  air,  the  fine  of  the  angle  of 

incidence  is  to  that  of  refraction,  as  3 to  4,  and  to  that  of  deviation,  as  3 to  1. 

* 

Cor.  3.  Hence  a ray  of  light  cannot  pafs  out  of  water  into  air  at  a greater  angle  of  inci- 
dence than  48°  36',  the  fine  of  which  is  to  radius  as  3 to  4.  Out  of  glafs  into  air  the  angle 
muff  not  exceed  40°  1 x ',  becaufe  the  fine  of  40°  11'  is  to  radius  as  2 to  3 nearly:  confe- 
quently, when  the  fine  has  a greater  proportion  to  the  radius  than  that  mentioned,  the  ray 
will  not  be  refracted. 

Schol.  2.  It  muff,  be  obferved,  that  when  the  angle  is  within  the  limit,  for  light  to  be 
refraCted,  fome  of  the  rays  will  be  reflected.  For  the  furfaces  of  all  bodies  are  for  the  molt 
part  uneven,  which  occafions  the  diffipation  of  much  light  by  the  mod  tranfparent  bodies  ; 
fome  being  reflected,  and  fome  refraCted,  by  the  inequalities  on  the  furfaces.  Hence  a 
perfon  can  fee  through  water,  and  his  image  reflected  by  it  at  the  fame  time.  Hence  alfo, 
in  the  dufk,  the  furniture  in  a room  may  be  feen  by  the  reflection  of  a w'indow,  while  objeCts 
that  are  without  are  feen  through  it. 

Y 2 Exp» 
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E^p.  Dpon  a frnooth  board,  about  the  centre  C,  defcribe  a circle  IIOKP  j draw  two 
diameters  of  the  circle  OP,  IIK,  perpendicular  to  each  other  ; draw  ADM  perpendicular 
to  OP  •,  cut  off  DT  and  Cl  equal  to  4 DA  ; through  TI,  draw  TIS,  cutting  the  circum- 
ference in  S ; NS  drawn  from  S perpendicularly  upon  OP,  will  be  equal  to  DT,  or  4 of 
DA.  Then  if  pins  be  ftuck  perpendicularly  at  A,  C and  S,  and  the  board  be  dipped  in  the' 
water  as  far  as  the  line  PIK,  the  pin  at  S will  appear  in  the  fame  line  with  the  pins  at  A 
and  C.  This  (hews,  that  the  ray  which  comes  from  the  pin  S is  fo  refradted  at  C,  as  to 
come  to  the  eye  along  the  line  CA : whence  the  fine  of  incidence  AD  is  to  the  fine  of  re-- 
fraction  NS,  as  4 to  3.  If  other  pins  were  fixed  along  CS,  they  would  all  appear  in  AC 
produced  ; which  {hews  that  the  ray  is  bent  at  the  furface  only.  The  fame  may  be  {hewn, 
at  different  inclinations  of  the  incident  ray,  by  means  of  a moveable  rod  turning,  upon  the’ 
centre  C,  which  always  keep  the  ratio  of  the  fines  AD,  NS,  as  4 to  3.  Alfo  the  fun’s 
lhadow,  coinciding  with  AC,  may  be  {hewn  to  be  refradted  in  the  fame  manner. 


Cor.  4.  The  image  R of  a fmall  objedt  G,  placed  under  water,  is  one  fourth  nearer^ 
the  furface  than  the  objedt.  And  hence  the  bottom  of  a pond,  river,  &c.  is  one  third  deeper 
than  it  appears  to  a fpedtator.  If  a river  appears  to  be  only  44  feet  deep,  it  will  be  6 feet  ; 
a perfon  not  apprized  of  this,  might  venture  into  water  at  the  hazard  of  his  life.  And  hence 
alfo  we  have  the  reafon  of  the  common  phenomenon  of  a {lulling,  or  other  objedt,  placed  in 
an  empty  vefi'el,  appearing  to  be  elevated  higher  and  higher  as  the  veffel  is  filled  with  water, 
Suppofe  the  veffel  empty,  CQ^its  fide  opake,  (Fig.  16.)  G the  objedt  •,  if  the  eye  be  at  H,  the 
objedt  will  be  hidden  by  the  fide  CQ^j  but  by  filling  the  veffel  with  water  up  to  DB,  it  will 
become  vifible,  and  feen  at  R,  the  ray  EG  being  refradted  into  FIE.  And  if  the  eye  be  fo 
placed  as  to  fee  the  objedt  at  G when  the  veffel  was  empty,  while  it  is  filling  the  objedt  will 
appear  to  rife  gradually.  Hence  appears  the  reafon  why  a ftraight  flick  HER,  (Fig.' 16.)  im- 
merfed  obliquely  into  water,  appears  bent  at  the  furface  DB  ; the  image  of  the  part  within 
lying  above  the  objedt.  , 

PROP.  XIV.  Rays  of  light  which  pafs  perpendicularly  out  of  one 
medium  into  another,  fuffer  no  refraction. 


Plate  6.  When  AC,  the  incident  ray,  coincides  with  OC,  the  perpendicular,  the  adtion  of  the 

rig.  6.  medium  Z or  X to  accelerate  or  retard  the  motion  of  the  ray,  being  perpendicular  to  its 
furface,  cannot  turn  the  ray  out  of  its  perpendicular  path. 

PROP.  XV.  When  parallel  rays  pafs  obliquely  out  of  one  medium 
into  another  through  a plane  furface,  they  will  continue  parallel  after 
refraction. 

phte  6 Let  AB,  CD,  be  parallel  rays,  falling  on  the  plane  furface  RBD  of  a medium  of  different 
i'ig.  9 ■ denfity  : becaufe  they  make  equal  angles  of  incidence  with  their  refpedtiVe  perpendiculars 

OP,  ST,  they  will  fuffer  an  equal  degree  of  refradtion ; that  is,  the  angles  of  refradtion, 
EBP,  FDT,  will  be  equal ; wdience  the  refradted  rays  BE,  DF,  will  be  parallel. 


PROP, 


Chap.  II. 


OF  REFRACTION. 


*73 


PROP.  XVI.  Through  a plane  furface,  if  diverging  rays  pafs  out  of 
a rarer  into  a denfer  medium,  they  are  made  to  diverge  lefs  ; and  if  they 
pafs  out  of  a denfer  into  a rarer  medium,  they  are  made  to  diverge  more : 
if  converging  rays  pafs  out  of  a rarer  into  a denfer  medium,  they  will  be 
made  to  converge  lefs  ; if  out  of  a denfer  into  a rarer,  to  converge  more. 

Let  the  diverging  rays  AB,  AE,  AF,  pafs  out  of  a rarer  into  a denfer  medium,  through 
the  plane  furface  GH,  and  let  the  ray  AB  be  perpendicular  to  that  furface ; the  reft  being 
refracted  towards  their  refpeCtive  perpendiculars  IK,  LM,  and  that  the  Icaft  which  falls  the 
farthefl  from  B,  they  will  proceed  in  the  directions  EN  and  FO,  diverging  in  a lefs  degree 
from  the  ray  AP,  than  they  did  before  refraction  : whereas  had  they  proceeded  out  of  a 
denfer  into  a rarer  medium,  they  would  have  been  refracted  from  their  perpendiculars  EK, 
FM,  and  thofe  the  mod  which  were  the  mod  oblique,  and  therefore  would  have  diverged 
more  than  before.  Again,  let  the  converging  rays  AB,  CD,  EF,  pafs  out  of  a rarer  into 
a denfer  medium,  through  the  plane  furface  GH,  and  let  the  ray  AB  be  perpendicular  to 
that  furface ; the  other  rays  being  refraCted  towards  their  refpeCtive  perpendiculars  IK, 

' LM,  and  EF  being  refraCted  more  than  CD,  they  will  proceed  in  the  directions  DN,  FN, 
converging  in  a lefs  degree  towards  the  ray  AN,  than  they  did  before : whereas,  had  the 
firll  medium  been  the  denfer,  they  would  have  been  refraCted  the  other  way,  and  therefore 
have  converged  more*- 

Def.  XIV.  A Lens  is  a round  piece  of  polifhed  glafs,  which  has  both' 
its  hides  fpherical,  or  one  fpherical,  and  the  other  plane. 

A lens  may  either  be  convex  on  both  fides,  plano-convex,  concave,  plano-concave,  or 
convex  on  one  fide,  and  concave  on  the  other  ; which  laft  is  called  a mem  feus. 

In  plate  6.  fig.  1 2.  SeCtions  of  thefe,  formed  by  a plane  palling  perpendicularly  through 
their  centres,  are  reprefented. 

Def.  XV,,  The  Axis  of  a Lens,  is  a right  line,  palling  through  its  cen- 
tre, perpendicular  .to  both  its  furfaces,  and  the  extremities  of  the  axes  are 
its  poles.  i 

4 

Each  kind  of  lens  is  generated  by  the  revolution  of  a feCtion  of  the  lens  about  this  line. 
Thus,  in  the  firlt  lens,  if  acb>  adb , revolve  about  cd,  the  convex  lens  will  be  formed. 

Def.  XVI.  In  every  beam  of  light,  the  middle  ray  is  called  the  Axis. 

Def.  XVII.  Rays  are  faid  to  fall  direftly  upon  a lens,  if  their  axis  co- 
incides with  the  axis  of  the  lens  ; otherwife,  they  are  faid  to  fall  obliquely < 

Def.  XVIII.  The  point  in  which  parallel  rays  are  collected  by  palling 
through  a lens,  is  called  the  Focus  of  parallel  rays  of  that  lens. 
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PROP.  XVII.  Through  a convex  furface  of  the  denfer  medium,  par- 
allel rays,  palling  out  of  a rarer  into  a denfer  medium,  will  become  con- 
verging ; — diverging  rays  will  be  made  to  diverge  lefs,  to  become  parallel, 
or  to  converge,  according  to  the  degree  of  divergency  before  refraction,  or 
of  the  convexity  of  the  furface  ; — rays  converging  towards  the  centre  of 
convexity  will  fuffer  no  refraCtion  ; — rays  converging  to  a point  beyond 
the  centre  of  convexity,  will  be  made  more  converging  ; — and  rays  con- 
verging towards  a point  nearer  the  furface  than  the  centre  of  convexity, 
will  be  made  lefs  converging  by  refraction  : — and  when  the  rays  proceed 
out  of  a denfer  into  a rarer  medium,  the  contrary  occurs  in  each  cafe. 

Let  AB,  II),  be  parallel  rays  entering  a denfer  medium  through  the  convex  furface  CDE, 
whofe  centre  of  convexity  is  L ; and  let  one  of  thefe,  ID,  be  perpendicular  to 'the  furface. 
This  will  pafs  on  through  the  centre  without  fufferiog  any  refraction,  but  the  other  being 
oblique  to  the  furface,  will  be  refradted  towards  the  perpendicular  LB,  and  will  therefore 
be  made  to  proceed  in  fome  line,  as  PK,  converging  towards  the  other  ray,  and  meeting  it 
in  K,  the  focus.  Had  one  ray  diverged  from  the  other,  fuppofe  in  the  line  MP,  it  would, 
by  being  refradted  towards  its  perpendicular  LB,  have  been  made  either  to  diverge  lefs,  be 
parallel,  or  to  converge.  Let  the  line  ID  be  produced  to  K;  and  if  the  ray  had  converged, 
fo  as  to  have  defcribed  the  line  NJBL,  it  .would  then  have  been  coincident  with  its  perpendic- 
ular, and  have  fuffered  no  refraction.  If  it  had  proceeded  with  lefs  convergency  towards 
any  point  beyond  L in  the  line  IK,  it  would  have  been  made  to  converge  more  by  being  re- 
fracted towards  the  perpendicular  LB,  which  converges  more  than  it  ; and  had  it  proceeded 
with  more  convergency  than  BL,  that  is,  towards  any  point  between  D and  L,  being  refradl- 
ed  towards  the  perpendicular,  it  would  have  been  made  to  converge  lefs. 

And  the  contrary  happens,  when  rays  proceed  out  of  a denfer  into  a rarer  medium, 
through  a concave  furface  of  the  denfer.  For  being  now  refracted  from  their  refpeCtive 
perpendiculars,  as  they  were  before  towards  them,  if  they  are  parallel  before  refradtion,  they 
diverge  af  terwards  : if  they  diverge,  their  divergency'  is  increafed  •,  if  they  converge  in  the 
direction  of  their  perpendiculars,  they  fuffer  no  refradtion  j if  they  converge  lefs  than  their  • 
refpedtive  perpendiculars,  they  are  made  to  converge  {till  lefs,  to  be  parallel,  or  to  diverge  ; 
if  they  converge  more,  their  convergency'  is  increafed.  All  which  may  clearly'  be  feen  by 
the  figure,  imagining  the  rays  AB,  ID,  &c.  bent  the  contrary  way  in  their  refradtions  to 
what  they  were  in  the  former  cafes. 

Exp.  Let  parallel,  diverging,  and  converging  rays,  pafs  through  a convex  lens  ; the 
feveral  cafes  of  this  propofition  will  be  confirmed. 

If  CD  EH  be  a convex  lens,  whofe  axis  is  IK,  let  L be  the  centre  of  the  firft  convexity 
CDE,  and  M that  of  the  other  CHE  •,  and  let  the  ray  AB  be  parallel  to  the  axis  ; through  B 
draw  the  line  LN,  wdiich  will  be  perpendicular  to  the  furface  CDE  at  that  point,  lhe  ray 
AB  in  entering  the  denfer  fubftance  of  the  lens  will  be  refradted  towards  the  perpendicular, 
and  therefore  proceed  after  it  has  entered  the  furface  at  I)  in  fome  dijredtion  inclined  towards 
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the  axis,  as  BP.  Through  M the  centre  of  convexity  of  this  furface  and  the  point  P draw 
the  line  MR,  which  palling  through  the  centre  will  be  perpendicular  to  the  furface  at  P,  and 
the  ray  now  entering  a rarer  medium  will  be  refraCted  from  the  perpendicular  into  fome 
direction  as  PIC.  In  like  manner,  and  for  the  fame  reafons,  the  parallel  ray  ST  on  the  other  ~ 
fide  the  axis,  and  alfo  all  the  intermediate  ones,  as  XZ,  &c.  will  meet  it  in  the  fame  point, 
unlefs  the  rays  AB  and  ST  enter  the  furface  of  the  lens  at  too  great  a diftance  from  the  axis 
IK,  the  reafon  of  which  will  be  afterwards  explained. 

The  point  IC  where  the  parallel  rays  AB,  ST,  & c.  are  fuppofed  to  be  collected  by  palling 
through  the  lens  CE,  is  called  the  focus  of  parallel  rays  of  that  lens. 

If  the  rays  come  diverging  from  a point  equally  dilfant  from  the  furface  as  the  focus  of 
parallel  rays,  they  will  be  rendered  parallel  ; if  from  a point  farther  from  the  furface  than  L, 
they  will  be  brought  to  a point  beyond  L y if  from  a point  nearer  than  L,  they’-  will  diverge 
lefs  *,  as  may  be  inferred  from  Prop.  XII. 

If  the  rays  come  converging  towards  L,  they  will  fuffer  no  refraction  ; if  towards  a point' 
beyond  L,  they  will  become  more  converging  ; if  towards  a point  nearer  the  furface  than  L, 
they  will  become  lefs  converging  : as  is  fufficiently  explained  in  the  proof  of  this  propofition'. 


/J 


Schol.  If  the  rays  AB,  CD,  EF,  be  parallel  to  each  other,  but  oblique  to  GH  the  axis  Plate  (>, 
of  the  lens  IK,  or  if  the  diverging  rays  CB,  CF,  proceed  as  from  fome  point  C which  is  not  FiS- 
fituated  in  the  axis  of  the  lens,  they  will  be  collected  into  fome  point  as  L,  not  direCtly  oppofite 
to  the  radiant  C,  but  nearly  fo  : for  the  ray  CD,  which  pafles  through  the  middle  of  the  lens, 
and  falls  upon  the  lurface  of  it  with  fome  obliquity,  will  itfelf  fuller  a refraction  at  D and  N ; 
but  it  will  be  refradted  the  contrary  way  in  one  place  from  that  in  the  other  ; and  thcfe  re- 
fractions will  be  equal  in  degree  if  the  lens  has  an  equal  convexity  on  each  fide,  as  we  may 
eafily  perceive  if  we  imagine  ND  to  be  a ray  palling  out  of  the  lens  both  at  N and  D,  for  it  is 
evident  the  line  ND  has  an  equal  inclination  to  each  furface  at  both  its  extremities.  Upon 
which  account  the  difference  between  the  fituation  of  the  point  L,  and  one  direCtly  oppofite 
to  C,  is  fo  fmall,  that  it  is  generally  negleCted  ; and  the  focus  is  fuppofed  to  be  in  that  line, 
in  which  a ray,  that  would  pais  through  the  middle  point  of  the  lens,  were  it  to  fuffer  no  re*’- 
fraClion,  would  proceed. 


PROP.  XVIII.  When  rays  pafs  out  of  a rarer  into  a denfer  medium, 
through  a concave  furface  of  the  denfer,  if  the  rays  are  parallel  before 
refraCUon,  they  are  made  to  diverge  : — if  they  are  divergent,  they  are 
made  to  diverge  more,  to  fuffer  no  refraction,  or  to  diverge  lefs,  according 
as  they  proceed  from  fome  point  beyond  the  centre,  from  the  centre,  or 
from  fome  point  between  the  centre  and  the  furface  : — if  they  are  con- 
vergent, they  are  either  made  lefs  converging,  parallel,  or  diverging,  ac- 
cording to  their  degree  of  convergency  before  refraction  ; — and  the  reverfe, 
in  paffing  out  of  a denfer  into  a rarer  medium. 
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Let  MF,  01,  be  two  parallel  rays  entering  a concave  and  denfer  medium,  the  centre  of 
^vhofe  convexity  is  H,  and  the  perpendicular  to  the  refra&ing  furface  at  the  point  F is  LH  ; 
the  ray  OI,  if  we  fuppofe  it  perpendicular  to  the  furface,  will  proceed  on  direCtly  without 
refraction,  but  the  oblique  ray  MF,  being  refraCted  towards  the  perpendicular  HL,  will  recede 
from  the  other  ray  OI.  If  the  ray  MF  had  proceeded  from  a point  in  OI  farther  from  the 
furface  than  H,  it  would  have  been  bent  nearer  to  the  perpendicular,  and  therefore  have 
diverged  more  : if  it  had  diverged  from  the  centre  H,  it  would  have  fallen  in  with  the  per- 
pendicular HL,  and  not  have  been  refraCled  at  all  : and  had  it  proceeded  from  a point  nearer 
the  furface  than  the  centre  FI,  it  would  by  being  refraCled  towards  the  perpendicular  HL, 
have  proceeded  in  fome  line  nearer  it  than  it  otherwife  would  have  done,  and  fo  would  di- 
verge lefs  than  before  refra&ion.  Laftly,  if  it  had  converged,  it  would  have  been  rendered 
lefs  converging,  parallel,  or  diverging,  according  to  the  degree  of  conyergency,  which  it  had 
before  it  entered  into  the  refraCting  furface. 

If  the  fame  rays  proceed  out  of  a denfer  into  a rarer  medium  through  a convex  furface  of 
the  denfer,  the  contrary  happens  in  each  fuppofition  : the  parallel  rays  are  made  to  converge  ; 
thofe  which  diverge  lefs  than  their  refpe&ive  perpendiculars,  that  is,  thofe  which  proceed 
from  a point  beyond  the  centre,  are  made  lefs  diverging,  parallel,  or  converging,  according 
to  the  degree  in  which  they  diverge  before  refraction  ; thofe  which  diverge  more  than  their 
refpeCtive  perpendiculars,  that  is,  thofe  which  proceed  from  3 point  between  the  centre  and 
the  refracting  furface,  are  made  to  diverge  ftill  more.  And  thofe  which  converge,  are  made 
to  converge  more.  All  which  may  ealily  be  feen  by  confidering  the  fituation  of  the  rays 
with  rsfpeCt  to  the  perpendicular  FIL. 

Exp.  Let  parallel,  diverging,  and  converging  rays,  pafs  through  a concave  lens  : the 
feveral  cafes  of  this  propofition  will  be  confirmed  : thus,  let  ABCD  reprefent  a concave 
lens,  EO  its  axis,  FH  the  radius  of  the  firlt  concavity,  IK  that  of  the  fecond  ; produce 
HF  to  L,  and  let  MF  be  a ray  of  light  entering  the  lens  at  the  point  F.  This  ray  being 
refraCted  towards  the  perpendicular  FL,  will  pafs  on  to  fome  point,  as  K in  the  other 
furface,  more  diftant  from  the  axis  than  F,  and  being  there  refraCted  from  the  perpendicular 
IK,  will  be  diverted  farther  ftill  from  the  axis,  and  proceed  on  the  direction  KN,  as  from 
fome  point  O,  on  the  firft  fide  of  the  lens.  In  like  manner  other  rays,  as  PQ^  parallel  to 
the  former,  will  proceed  after  refraCtion  at  both  furfaces  as  from  the  fame  point  O *,  which 
upon  that  account  will  be  the  imaginary  focus  of  parallel  rays  of  this  lens. 

If  the  rays  diverge  before  they  enter  the  lens,  their  imaginary  focus  is  then  nearer  the 
lens  than  that  of  the  parallel  rays.  If  they  converge  before  they  enter  the  lens  proceeding 
towards  fome  diftant  point  in  the  axis,  as  E,  they  are  then  rendered  lefs  converging:  if 
they  converge  to  a point  at  the  fame  diftance  from  the  lens  with  the  focus  of  parallel  rays, 
they  then  go  out  parallel  5 if  to  a point  at  a lefs  diftance,  they  remain  converging,  but  in  a 
lefs  degree  than  before  they  entered  the  lens, 

ScHOt,.  If  the  lens  is  plane  on  one  fide,  and  convex  or  concave  on  the  other,  the  re- 
fra&ion  is  fimilar,  but  in  a lefs  degree.  In  a menifeus,  if  the  convexity  on  one  fide  is  equal 
to  the  concavity  on  the  other,  the  two  fides  will  produce  equal  and  contrary  effeCfs,  and  the 
inclination  of  the  rays  to  each  other  will  be  the  fame  after  refraCtion  as  before.  If  the  con- 
vexity is  greater  than  the  concavity,  the  menifeus  will  have  the  effeCt  of  a lens  which  has 
its  convexity  equal  to  the  cxcefs  of  the  convexity  of  the  menifeus  above  its  concavity  ; and 
the  reverfe,  if  its  concavity  exceeds  its  convexity. 


Chap.  II. 


OF  REFRACTION. 


PROP.  XIX.  When  diverging  rays  are  made  to  converge  by  palling 
through  a convex  lens,  as  the  radiant  approaches  towards  the  lens  on  one 
fide,  the  focus  departs  from  it  on  the  other ; and  the  reverfe. 

For,  the  nearer  the  radiant  point  is  to  the  lens,  the  more  the  rays  which  fall  upon  the 

lens  diverge  before  refraftion  5 whence  (the  power  of  the  refradling  medium  being  given) 
they  will  converge  the  lefs  after  refradtion,  and  have  their  focal  point  at  the  greater  diftance 
from  the  furface : on  the  contrary,  the  more  remote  the  radiant  point  is  from  the  lens,  the 
lcfs  the  incident  rays  will  diverge,  and  confequently  the  more  will  the  refradted  rays  con- 
verge, atjd  the  nearer  will  the  focus  be  to  the  furface,  till,  at  an  infinite  diftance  of  the 
radiant,  the  rays  are  colledted  in  the  focus  of  parallel  rays. 

PROP.  XX.  When  the  radiant  point  is  at  that  diftance  from  the  fur- 
face, at  which  parallel  rays  coming  through  it  from  the  other  fide  would 
be  colledted,  rays  flowing  from  that  point  become  parallel  on  the  other  fide. 

It  manifeftly  follows  from  Prop.  XII.  that  if  die  parallel  rays  AB,  ID,  ST,  in  palling  Plate  6. 

through  CDE,  are  brought  to  a focus  in  K,  rays  from  Iv  as  a radiant  point  will,  after  re-  1-lg'  I3“ 

fradtion,  proceed  in  the  parallel  lines  BA,  DI,  TS. 

\ 

PROP.  XXL  When  rays  p.afs  out  of  one  medium  into  another  of 
different  denfity  through  a plane  furface,  if  they  diverge,  the  focal  dif- 
tance will  be  to  that  of  the  radiant  point ; — if  they  converge,  it  will  be  to 
that  of  the  imaginary  focus  of  the  incident  rays,  as  the  fine  of  the  angle 
of  incidence  is  to  that  of  the  angle  of  refradtiom 

\ 

This  propofition  admits  of  four  cafes. 

Cafe  1.  Of  diverging  rays  palling  out  of  a rarer  into  a denfer  medium. 

Let  X reprefent  a rarer,  and  Z a denfer  medium,  feparated  from  each  other  by  the  plane  riate  6. 
furface  AB  ; fuppofe  CD  and  CE  to  be  two  diverging  rays  proceeding  from  the  point  C,  the  l6‘ 
one  perpendicular  to  the  furface,  the  other  oblique  ; through  E draw  the  perpendicular  PK. 

The  ray  CD  being  perpendicular  to  the  furface,  will  proceed  on  in  the  right  line  CQ^,  hut  piate6. 
the  other  falling  upon  it  obliquely  at  E,  and  there  entering  a denfer  medium,  will  fuller  a ^S-  l£)- 
rcfradlion  towards  the  perpendicular  EIC.  Let  then  EG  be  the  refradled  ray,  and  produce 
it  back  till  it  interfedls  DC  produced  alfo  in  F •,  this  will  the  focal  point.  On  the  centre 
E with  the  radius  EF,  defcribe  the  circle  AFBQ^,  and  produce  EC  to  H ; draw  HI  the 
fine  of  the  angle  of  incidence,  and  GIv  that  of  refra&ion  ; equal  to  this  is  FP  or  CM,  which 
let  be  drawn.  Now  if  we  fuppofe  .the  points  D and  E contiguous,  or  nearly  fo,  then  will  the 
line  HE  be  almoft  coincident  with  FD,  and  therefore  FD  will  be  to  CD,  as  HE  to  CE,  or 
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(El.  VI.  4.)  as  HI  to  CM  ; that  is,  the  focal  diftance  of  the  ray  CE  is  to  the  diftance  of  the 
radiant  point,  as  the  fine  of  the  angle  of  incidence  is  to  that  of  the  angle  of  refraction.* 

Cafe  2.  Of  diverging  rays  proceeding  out  of  a denfer  into  a rarer  medium. 

Let  X be  the  denfer,  Z the  rarer  medium,  FD  and  FE  two  diverging  rays  proceeding 

from  the  point  F •,  and  fuppofing  the  perpendicular  PK  drawn  as  before,  FP  will  be  the  fine 

of  the  angle  of  incidence  of  the  oblique  ray  FE,  which  in  this  cafe  being  refracted  front  the 
perpendicular,  will  pafs  on  in  fome  line  as  ER,  which  being  produced  back  to  the  circum- 
ference of  the  circle  will  cut  the  ray  FD  fomewherc,  i'uppoi'e  in  C,  this  therefore  will  be 
the  imaginary  focus  of  the  refraefted  ray  ER  5 draw  RO  the  fine  of  the  angle  of  refrattion, 
to  which  F1I  will  be  equal  : but  here  alfo  FP  or  its  equal  CM,  is  to  HI,  as  EC  to  EH,  or 

(if  the  point  D and  E be  confidered  as  contiguous)  as  DC  to  DF  ; that  is,  tire  fine'  of  the 

angle  of  incidence  is  to  the  fine  of  the  angle  of  refraction,  as  the  focal  diftance  to  that  of 
the  real  radiant  point. 

Cafe  3.  Of  converging  rays  pafitng  out  of  a denfer  medium  into  a rarer. 

Next  •,  let  Z be  the  denfer,  X the  rarer  medium,  and  G£  the  incident  ray  ■,  this  will  be 
refracted  from  the  perpendicular  into  a line  as  EH  : then  all  things  remaining  as  before,- 
GK,  or  its  equal  FP,  or  CM  will  be  the  fine  of  the  angle  of  incidence,  and  FI  I that  of 
refraction  : but  thefe  lines,  as  before,  are  to  each  other,  as  DC  to  DF  ; that  is,  the  focal 
diftance  is  to  the  diftance  of  the  imaginary  focus,  as  the  fine  of  the  angle  of  incidence  to 
that  of  the  angle  of  refraction. 

Cafe  4.  Of  converging  rays  palling  out  of  a rarer  into  a denfer  medium. 

Let  Z be  the  rarer,  X the  denfer  medium,  and  RE  the  incident  ray  j this  will  be  refraCted 
towards  the  perpendicular  into  a line,  as  EF  •,  C will  be  the  imaginary  focus,  and  F the 
real  one,  HI  which  (El.  I.  2 6.  ) is  equal  to  RO,  will  be  the  fine  of  the  angle  of  incidence* 
and  FP  that  of  the  angle  of  refraction  : but  thefe  are  to  each  other  (El.  VI.  2.)  as  DF  to 
DC  ; and  therefore  the  focal  diftance  is  to  that  of  the  imaginary  focus,  as  the  fine  of  the 
angle  of  incidence  is  to  that  of  the  angle  of  refradtion. 

PROP, 

* Whereas  IE  is  to  ME,  or  ND  to  CD,  as  HI  to  CM,  that  is,  r.s  the  ratio  of  the  fine  of  the  angle  of  incidence 
to  that  of  the  angle  of  refraction,  which  (Prop  XIII.)  is  always*tlie  fame,  the  line  IN  is  in  all  inclinations  of  the 
ray  CE,  at  the  fame  diftance  from  CM.  Confequently,  had  CE  been  coincident  with  CD,  the  point  H had  fallen 
upon  N ; and  bccaufe  the  circle*  pages  through  both  H and  F,  E Would  alfo  have  fallen  upon  N ; upon  which 
account  the  focus  of  the  ray  CE  would  have  been  there.  But  the  ray  CE  being,  oblique  to  the  furface  DB,  the  point 
H is  at  fome  diflauce  from  N ; and  therefore  the  point  F is  necefiarily  fo  too,  and  the  more  fo,  the  greater  that 
diftance  is,  Hence  it  is  manifeft,  that  no  two  rays  flowing  from  the  radiant  point  C,  and  falling  with  different 
obliquities  on  the  furface  BD,  will,  after  refraction  there,  proceed  as  from  the  fame  point ; therefore,  ftrictly  fpeak, 
ilig,  there  is  no  one  point  in  the  line  D produced,  that  can  more  properly  be  called  the  focus  of  rays  flowing  from 
C,  than  another  : for  tliofe  which  enter  the  refrading  furface  near  D,  will,  after  refraiftion,  proceed,  as  has  been 
obferved,  from  the  parts  about  N ; tliofe  which  enter  near  E,  will  flow  as  from  the  parts  about  F ; tliofe  which 
enter  about  T,  as  from  fome  points  in  the  line  DF  produced,  &c.  And  it  is  farther  to  he  obferved,  that  when  the 
angle  DCE  becomes  large,  the  line  NF  incrcafcs  apace;  whence  tliofe  rays  which  fall  near  T,  proceed,  after  rc- 
fradion,  as  from  a more  diffufed  fpace,  than  tliofe  which  fall  at  the  fame  diftance  from  each  other  near  the  point  D. 
Upon  which  account  it  is  ufual,  with  optical  writers,  to  fuppofe  the  diftance  between  the  points  where  the  rays 
enter  the  plane  furface  of  a rtfrading  medium,  to  be  inconfidcrable  with  regard  to  the  diftance  of  the  radiant 
point,  if  they  diverge;  or  to  that  of  their  imaginary  focus,  if  they  converge:  and  unlcfs  there  be  fome  particular 
rcafon  to  the  contrary,  they  conlidcr  them  as  entering  the  refrading  medium  in  a diredion  as  nearly  perpendicular 
to  its  furfaccs  as  may  be.  • 
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PROP.  XXII.  When  parallel  rays  fall  upon  a fpherlcal  iurface  of 
different  denfity,  the  focal  diftance  will  be  to  the  diftance  of  the  centre  of 
convexity,  as  the  fine  of  the  angle  of  incidence  is  to  the  difference  be- 
tween that  fine  and  the  fine  of  the  angle  of  refradtion. 
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Cafe  1.  Of  parallel  rays  palling  out  of  a rarer  into  a denfer  medium  through  a convex 
furface  of  the  denfer. 

Let  AB  reprefent  a convex  furface  ; C its  centre  of  convexity  •,  HA  and  D3  two  parallel  Plate  6. 

rays,  palling  out  of  a rarer  medium  into  a denfer,  the  one  perpendicular  to  the  refrafting  II*'  1?* 

furface,  the  other  oblique  : draw  CB  ; this  being  a radius,  will  be  perpendicular  to  the 
furface  at  the  point  B ; and  the  oblique  ray  DB  being  in  this  cafe  refratted  towards  the  per- 
pendicular, will  proceed  in  fome  line,  as  BF,  meeting  the  other  ray  in  F,  which  will 
therefore  be  the  focal  point  ; produce  CB  to  N,  then  will  DBN,  or  (El.  I.  29.)  its  equal 

BCA  be  the  angle  of  incidence,  and  FBC  that  of  refraction.  Now,  lince  any  angle  has 

the  fame  fine  with  its  fupplement  to  two  right  ones,  the  angle  of  FCB  being  the  fupplement 
of  ACB,  which  is  equal  to  the  angle  of  incidence,  may  here  be  taken  for  that  angle  ; and 
therefore,  as  the  fides  of  a triangle  have  the  fame  relation  to  each  other,  as  the  fines  of  their 
oppofite  angles  have,  FB  being  oppofite  to  this  angle,  and  FC  being  oppofite  to  the  angle 
of  refra£lion,  they  may  here  be  confidered  as  the  fines  of  the  angles  of  incidence  and  of 
refraftion  ; and  for  the  fame  reafon  CB  may  be  confidered  as  the  fine  of  the  angle  CFB, 
which  angle  being,  together  with  the  angle  FBC,  equal  to  the  external  one  ACB  (El.  I.  32) 
it  is  itfelf  equal  to  the  difference  between  thofe  two  lall  angles  j and  therefore  the  line  FB 
is  to  CB,  as  the  fine  of  the  angle  of  incidence  is  to  the  fine  of  an  angle  which  is  equal  to 
the  difference  between  the  angle  of  incidence  and  of  refraction.  Now  becaufe  in  very  fmall 
angles  as  thefe  are,  for  we  fuppofe  in  this  cafe  alfo  the  di fiance  AB  to  vanifli,  (the  reafon  of 
which  will  be  fliewn  in  the  note)  their  fines  have  nearly  the  fame  ratio  to  each  other  that 
they  themfelves  have,  the  diftance  FB  will  be  to  CB  as  the  fine  of  the  angle  of  incidence 
is  to  the  difference  between  that  fine  and  the  fine  of  the  angle  of  refraCtion  : but  becaufe  BA 
yanifhes,  FB  and  FA  are  equal,  and  therefore  FA  is  to  CA  in  that  ratio.* 

- Cafe 

It  appears  from  the  above  propofition,  that  the  focal  diftance  of  the  oblique  ray  DB,  is  fuch,  that  the  line  BF 
fliall  he  to  the  line  CB  or  CA  as  the  line  of  the  angle  of  incidence  to  the  fine  of  an  angle  equal  to  the  difference 
between  the  angle  of  incidence  and  refraction  ; therefore  fo  long  as  the  angles  BCA,  &c.  are  fmall,  fo  long  the 
line  FB  is  nearly  of  the  fame  length,  becaufe  fmall  angles  have  nearly  the  fame  ratio  to  each  other  that  their  lines 
have.  But  when  the  point  B is  removed  far  from  A,  fo  that  the  ray  DB  enters  the  furface,  fuppofe  about  O,  the 
angles  BCA,  &c.  becoming  large,  the  fine  of  the  angle  of  incidence  begins  to  bear  a confiderably  lefs  ratio  to  the  fine 
of  an  angle  which  is  equal  to  the  difference  between  the  angle  of  incidence  and  refraction  than  before,  and  there- 
fore the  line  BF  begins  to  bear  a much  lefs  ratio  to  BC  ; wherefore  its  length  decreafes  apace:  upon  which 
account  thofe  rays  which  enter  the  furface  about  O,  not  only  meet  nearer  the  centre  of  convexity  than  thofe 
which  enter  at  A,  but  are  collected  into  a more  diffufed  fpacc.  From  hence  it  is,  that  the  point  where  thofe  only 
which  enter  near  A,  are  collected,  is  reckoned  the  true  focus  ; and  the  diftance  AB  in  all  demonftrations  relating 
to  the  foci  of  parallel  rays  entering  a fphcrical  furface,  whether  convex  or  concave,  is  fuppofed  10  vanifli. 
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Cafe  2.  Of  parallel  rays  paffing  out  of  a denfer  into  a rarer  medium  through  a concave 
furface  of  the  denfer. 

Let  AB  be  the  concave  furface  of  the  denfer  medium,  C the  centre  of  convexity,  and 
HA  and  DB  two  parallel  rays.  Through  B the  point  where  the  oblique  ray  DB  enters  the 
rarer  medium,  draw  the  perpendicular  CN  ; and  let  the  ray  DB,  being  in  this  cafe  refraded 
from  the  perpendicular,  proceed  in  the  diredion  BM ; produce  BM  back  to  PI;  this  will  be 
the  imaginary  focus,  and  DBN,  or  its  equal  ACB,  will  be  the  angle  of  incidence,  and 
CBM,  or  its  equal  (El.  I.  15.)  HBN  that  of  refraction  ; produce  DB  to  L,  and  draw  BE 
fuch,  that  the  angle  LBF  may  be  equal  to  DBH  : then  becaufo  NBD  and  DBH  together 
are  equal  to  NBH  the  angle  of  refradion,  therefore  BCA  which  is  equal  to  the  firft,  and 
LBF  which  is  equal  to  the  fecond,  are  together  equal  to  the  angle  of  refradion ; but  LBF 
is  equal  to  BFA,  (El.  I.  29  ) confequently,  BFA  and  BC  \ together  ate  equal  to  the  angle 
of  refradion  ; and  therefore  fince  one  of  them,  BCA,  i3  equal  to  the  angle  of  incidence, 
the  other,  BFA,  is  the  difference  between  that  angle,  and  the  arlgle  of  refradion.  Now 
FB  the  fine  of  the  angle  FCB,  or  which  is  the  fame  thing,  of  its  fupplement  to  two  right 
ones  BCA,  the  angle  of  incidence,  is  to  CB  the  fine  of  the  angle  BFG,  as  FB  to  C-B,  that  is, 
as  HB  to  CB  •,  for  the  angles  DBH  and  LBF  being  equal,  the  lines  BF  and  BH  are  fo  too  y 
but  the  diftance  BA  vanilhing,  HB  is  to  CB,  as  HA  to  GA  : that  is,  the  fine  of  the  angle 
of  incidence  is  to  the  fine  of  an  angle  which  is  the  difference  between  the  angle  of  incidence 
and  refradion,  or  becaufe  the  angles  are  i'mall,  to  the  difference  between  the  fine  of  the 
angle  of  incidence  and  that  of  refradion,  as  the  diftance  of  the  focus  from  the  furface  is  to 
that  of  the  centre  from  the  fame. 

Cafe  3.  Of  parallel  rays  paffing  out  of  a rarer  into  a denfer  medium  through  a concave 
furface  of  the  denfer. 

Let  AB  be  the  concave  furface  of  the  denfer  medium,  and  let  LB  and  FA  be  the  incident 
rays.  Now  whereas,  when  DB  was  the  incident  ray,  and  palled  out  of  a rarer  into  a denfer 
medium,  as  in  Cafe  the  firff,  it  was  refraded  into  a line  BF,  this  ray  LB  having  the  fame 
inclination  to  the  perpendicular,  will  alfo  fuffer  the  fame  degree  of  refradion,  and  will 
therefore  pafs  on  afterwards  in  the  line  FB  produced,  towards  P.  So  that  whereas,  in  that 
cafe  the  point  F was  the  real  focus  of  the  incident  ray  DB,  the  fame  point  will,  in  this  cafe, 
be  the  imaginary  focus  of  the  incident  ray  LB  : but  it  was  there  demonftrated,  that  the 
diftance  FA  is  to  CA,  as  the  fine  of  the  angle  of  incidence  is  to  the  difference  between  that 
and  the  fine  of  the  angle  of  refradion,  therefore  the  focal  diftance  of  the  refraded  ray  BP 
is  to  the  diftance  of  the  centre  of  convexity  in  that  ratio.- 

Cafe  4.  Of  parallel  rays  paffing  out  of  a denfer  into  a rarer  medium  through  a convex 
furface  of  the  denfer. 

Let  AB  be  the  convex  furface  of  the  denfer  medium,  and  let  LB  and  FA  be  the  incident 
rays,  as  before.  Now  whereas,  when  DB  was  the  incident  ray  palling  out  of  a denfer  into 
a rarer  medium,  it  was  refraded  into  BM,-  as  in  Cafe  the  fecond,  having  a point  as  H in  the 
line  MB  produced  for  its  imaginary  focus  J,  therefore  LB,  for  the  like  reafon  as  was  given  in 
the  laft  cafe,  will  in  this  be  refraded  into  BH,  having  the  fame  point  H for  its  real  focus. 
So  that  here  alfo  the  focal  diftance  will  be  to  that  of  the  centre  of  convexity,  as  the  fine  ot 
the  angle  of  incidence  is  to  the  difference  between  that  and  the  fine  of  the  angle  of 
refradion.  Cor, 
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Cor.  i.  Hence,  the  fines  of  the  angles  of  incidence  and  of  refraftion  of  parallel  rays 
being  given,  and  aifo  the  diflance  of  the  centre  of  convexity  from  the  furface,  the  focus  of 
any  lens  may  be  eafily  found. 

Cor.  2.  The  diftance  of  the  centre  of  a glafs  fphere,  from  the  principal  focus  of  ray.-, 
refra&ed  by  it,  is  nearly  equal  to  a radius  and  a half  of  the  fphere.  For  in  this  cafe  it  will 
be  FA  : CA  : : I : 2I — 2R-,  (where  I and  R fignify  the  fines  of  incidence  and  refraftion) 

4ca 

2 

~ 2CA  ~ the  diameter  of  the  fphere. 

PROP.  XXIII.  When  diverging  or  converging  rays  enter  into  a me- 
dium of  different  denfity  through  a fpherical  furface,  the  ratio  compounded 
of  that  which  the  focal  diftance  bears  to  the  diftance  of  the  radiant  point 
(or  of  the  imaginary  focus  of  the  incident  rays,  if  they  converge)  and  of 
that,  which  the  diftance  between  the  fame  radiant  point  (or  imaginary 
focus)  and  the  centre,  bears  to  the  diftance  between  the  centre  and  the  focus, 
is  equal  to  the  ratio,  which  the  fine  of  the  angle  of  incidence  bears  to  the 
fine  of  the  angle  of  refradtion  : that  is,  FD  X CA  : DA  X GF  : : FB  : BG.’ 

Cafe  i.  Of  diverging  rays  palling  out  of  a rarer  into  a denfer  medium  through  a convex 
furface  of  the  denfer,  with  l'uch  a degree  of  divergency,  that  they  fhall  converge-  after 
refra&io’n. 

Let  BD  reprefent  a fpherical  furface,  and  C its  centre  of  convexity  ; and  let  there  be  two  plate  6: 
diverging  rays  AB  and  AD,  proceeding  from  the  radiant  point  A,  the  one  perpendicular  to  FlS-  19' 
the  furface,  the  other  oblique.  Through  the  centre  C produce-  the  perpendicular  ray  AD 
to  F,  and  draw  the  radius  CB  and  produce  it  to  K,  and  let 'BF  be  the  refra£ted  ray  ; then’ 
will  F be  the  focal  point : produce  AB  to  H,  and  through  the  point  F draw  the  line  FG 
parallel  to  CB.  AB  being  the  incident  ray,  and  CK  perpendicular  to  the  furface  at  the' 
point  B,  the  angle  ABK,  or  which  is  equal  to  it,  becaufe  of  the  parallel  lines  CB  and  FG, 

FGH  is  the  angle  of  incidence.  Now,  fince  the  fupplement  of  any  angle  to  two  right 
ones  has  the  fame  fine  with  the  angle  itfelf,  the  fine  of  the  angle  FGB,  \Vhich  is  the  fupple-' 
ment  of  FGH  to  two  right  ones,  may  be  confidered  as  the  fine  of  the  angle  of  incidence  p 
for  which  fine  the  line  FB,  as  the  fides  of  a triangle  have  the  fame  ratio  to  each  other,  that* 
the  fines  of  their  oppofite  angles  have,  may  be  taken.  Again,  the  angle  FBC  is  the  angle 
of  refraction,  or  its  equal,  becaufe  alternate  to  it,  BFG,  to  which  BG  being  an  oppofite 
fide,  may  be  taken  as  the  fine.  But  FB  is  to  BG  in  a ratio  compounded  of  FB  to  BA,  and 
of  BA  to  BG  for  the  ratio  that  any  two  quantities  beat  to  each  other,  is  compounded  of 
the  ratio  which  the  fir  ft  bears  to  any  other,  and  of  the  ratio  which  that  other  bears  to  the 
fecond.  Now  I B is  to  BA,  fuppofing  BD  to  vanifii,  as  FD  to  DA  ; and  BA  is  to  BG/ 
becaufe  of  the  parallel  lines  CB  and  FG,  as  AC  to  CF.  "That  is,  the  ratio  compounded  of 
I’D,  the  focal  diftance,  to  DA,  the  diftance  of  the  radiant  point,  and  of  AC,  the  diftance 

between 


3CA  3ca 


therefore  FA=— - — ~ 
6—4 


And  if  the  fphere  be  of  water  inftead  of  glafs,  FA= 
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between  the  radiant  point  and  the  centre,  to  CF,  the  diftance  between  the  centre  and  the 
focus,  is  equal  to  that  which  the  fine  of  the  angle  of  incidence  bears  to  the  fine  of  the  angle 
of  refra£tion.# 

Cafe  2.  Of  converging  rays  palling  out  of  a rarer  into  a denfer  medium  through  a concave 
fuiface  of  the  denfer  with  fuch  a degree  of  convergency,  that  they  fhall  diverge  after  refraction, 
Let  the  incident  rays  be  HB  and  FD  paffing  out  of  a rarer  into  a denfer  medium  through 
the  concave  iurface  BD,  and  tending  towards  the  point  A,  from  whence  the  diverging  rays 
flowed  in  the  other  cafe  •,  then  the  oblique  ray  MB  having  its  angle  of  incidence  HBC  equal 
to  ABK  the  angle  of  incidence  in  the  former  cafe,  will  be  refracted  into  the  line  BL  fuch,  that 
its  angle  of  refraction  KBL  will  be  equal  to  FBC  the  angle  of  refraftion  in  the  former  cafe  ; 
that  is,  it  will  proceed  after  refraction  in  the  line  FB  produced,  having  the  fame  focal  diftance 
FD  with  the  diverging  rays  AB,  AD,  in  the  other  cafe.  But,  by  what  has  been  already  de- 
monftrated,  the  ratio  compounded  of  FD,  the  focal  diftance,  to  DA,  in  this  cafe,  die  diftance 
of  the  imaginary  focus  of  the  incident  rays,  and  of  AC,  the  diftance  between  the  fame  imagi- 
nary focus  and  the  centre,  to  CF,  the  diftance  between  the  centre  and  the  focus,  is  equal  to 
that  which  the  fine  of  the  angle  of  incidence  bears  to  the  fine  of  the  angle  of  refraction. 

Cafe  3.  Of  diverging  rays  paffing  out  of  a rarer  into  a denfer  medium  through  a convey 
furface  of  the  denfer,  with  fuch  a degree  of  divergency  as  to  continue  diverging, 
piate  6.  Let  AB,  AD,  be  the  diverging  rays,  and  let  their  divergency  be  fo  great,  that  the 

* >£•  181  refradfted  ray  BL  fhall  alfo  diverge  from  the  other  •,  produce  LB  back  to  F,  which  will  be 

the  focal  point  ; draw  the  radius  CB,  and  produce  it  to  K,  produce  BA  likewife  towards  G, 
and  draw  FG  parallel  to  BC.  Then  will  ABK  be  the  angle  of  incidence,  whofe  fine,  BF 
may  be  taken  for,  as  being  opposite  to  the  angle  BGF,  which  is  the  fupplement  of  the  other 
to  two  right  ones.  And  LBC  is  the  angle  of  refraction,  or  its  equal  IvBF,  or  which  is 
equal  to  this,  BFG,  as  being  alternate  ; therefore  BG,  the  oppofite  fide  to  this  may  be 
taken  for  the  fine  of  the  angle  of  refraCtion.  But  BF  is  to  BG,  for  the  like  reafon  as  was 
given  in  Cafe  the  firft,  in  a ratio  compounded  of  BF  to  BA,  and  of  BA  to  BG.  Now  BF 
is  to  BA,  (DB  vanifhing)  as  DF  to  DA,  and  becaufe  of  the  parallel  lines  FG  and  BC, 
the  triangles  CBA  and  AGF  are  fimilar,  therefore  BA  is  to  AG,  as  CA  to  AF  •,  confe- 
quently,  BA  is  to  BA  together  with  AG,  that  is,  to  BG,  as  CA  is  to  CA  together  with 
AF,  that  is,  CF.  Therefore  the  ratio  compounded  of  DF  the  focal  diftance  to  DA  the 

diftance 

* Since  the  focal  diftance  of  the  oblique  ray  AB  is  fuch  that  the  compound  ratio  of  FB  to  BA  and  of  AC  to 
CF  fhall  be  the  fame,  whatever  be  the  diftance  between  B and  D ; it  is  evident,  that,  AC  being  always  of  the  fame 
length,  the  more  the  line  AB  lengthens,  the  more  FB  muft  lengthen  too,  or  elfe  PC  muft  fhorten  ; but  if  BF 
lengthens,  CF  will  do  fo  too,  and  in  a greater  ratio  with  refpeeft  to  its  own  length  than  BF  will,  therefore  the 
lengthening  of  BF  will  conduce  nothing  towards  preferving  the  equality  of  the  ratio  : but  as  AB  lengthens,  BF  and 
CF  muft  both  fhorten,  which  is  the  only  pofliblc  way  in  which  the  ratio  can  be  continued  the  fame.  And  it  is 
alfo  apparent,  that  the  farther  B moves  from  D towards  O,  the  fafler  AB  lengthens,  and  therefore  the  farther  the 
rays  enter  from  D,  the  nearer  to  the  refraefting  furface  is  the  place  where  they  meet,  but  the  fpace  they  are  col- 
lected in,  is  the  more  diftufed  : and  therefore  in  this  cafe,  as  well  as  thofe  taken  notice  of  in  the  two  preceding 
notes,  different  rays,  though  flowing  from  the  fame  point,  \yill  conftitutc  different  foci  ; and  none  are  fa  effectual 
as  thofe  which  enter  at  or  very  near  the  point  D.  And  fincc  the  fame  is  obfcrvable  of  converging  as  well  as 
of  diverging  rays,  none,  except  thofe  which  enter  very  near  that  point,  arc  ufually  taken  into  confideration  ; upon 
which  account  it  is,  that  the  diftance  DB,  in  determining  the  focal  diftances  of  diverging  or  converging  rays 
entering  a convex  or  concave  furface,  is  fuppofed  to  vanilh. 
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diftance  of  the  radiant  point,  and  of  CA  the  diftance  between  the  radiant  point  and  the 
centre,  to  CF,  the  diftance  between  the  centre  and  the  focus,  is  equal  to  that  which  the 
fine  of  the  angle  of  incidence  bears  to  the  fine  of  the  angle  of  refradtion. 

Schol.  By  making  HB  and  CD  the  incident  i-ays,  the  propofition  may  be  proved  of 
converging  rays  palling  out  of  a rarer  into  a denfer  medium,  through  a concave  furface  of 
a denfer,  with  fuch  convergency,  that  they  lhall  continue  to  converge.  Alfo,  by  the  fame 
method  of  reafoning  as  in  the  preceding  cafes,  the  propofition  may  be  proved,  of  diverging 
rays  pa  fling  out  of  a denfer  into  a rarer  medium  through  a concave  furface  of  the  denfer,  and 
of  converging  rays  palling  out  of  a denfer  into  a rarer  medium  through  a convex  furface  of 
the  denfer.  And  all  thole  cafes  which  are  the  converfe  of  the  preceding,  admit  of  a fimilav 
proof  ; for,  when  rays  pafs  out  of  one  medium  into  another,  the  fine  of  the  angle  of  inci- 
dence has  the  fame  ratio  to  the  fine  of  the  angle  of  refradtion,  as  the  fine  of  the  angle  of  re- 
fraction has  to  the  fine  of  the  angle  of  incidence,  when  they  pafs  through  the  fame  lines  of 
direction  the  contrary  way. 

Cafe  4.  Of  rays  palling  out  of  a denfer  into  a rarer  medium,  from  a point  between  the 
centre  of  convexity  and  the  furface. 

Let  AB,  AD,  be  two  rays  palling  otit  of  a denfer  into  a rarer  medium  from  the  point  A,  Plate  5; 
which  is  taken  between  C the  centre  of  convexity  and  the  refradting  furface  BD  ; through  tlg'  20i 
B draw  CK,  and  let  BL  be  the  refracted  ray  ; produce  BL  back  to  F,  and  draw  FG  parallel 
to  BC.  Then  will  ABC  be  the  angle  of  incidence,  of  which  BF,  being  oppofite  to  its 
alternate  and  equal  angle  BGF,  is  the  fine.  LBK  will  be  the  angle  of  refradtion,  or  its 
equal  FBC,  of  which  BG,  being  oppofite  to  its  fupplement  to  two  right  angles  BFG,  is 
the  fine.  But,  BF  is  to  BG  in  the  compound  ratio  of  BF  to  BA,  and  of  BA  to  BG  and 
(BD  vani fhing)  BF  is  to  BA  as  DF  to  DA,  and  becaufe  the  lines  CB  and  FG  are  parallel, 

BA  is  to  BG  as  CA  to  CF. 

Cafe  5.  Of  rays  palling  out  of  a rarer  into  a denfer  medium  from  a point  between  the 
centre  of  convexity  and  the  furface. 

Let  AB,  AD,  be  two  diverging  rays  palling  out  of  a rarer  into  a denfer  medium  through 
the  refracting  furface  BD,  whofe  centre  of  convexity  is  C,  a point  beyond  that  from  wdience 
the  rays  flow.  Through  B draw  CK,  and  let  BL  be  the  refracted  ray,  produce  it  back  to 
F,  and  draw  FG  parallel  to  BC  meeting  BA  in  G.  ABC  will  be  the  angle  of  incidence, 
of  which  BF,  being  oppofite  to  its  fupplement  to  two  right  angles  BGF,  is  the  fine.  The  an- 
gle of  refradtion  is  LBK,  or  its  equal  FBC,  of  which  BG,  being  oppofite  to  its  alternate  and 
equal  angle  BFG,  is  the  fine.  But  BF  is  to  BG  in  the  compound  ratio  of  BF  to  BA  and  of 
BA  to  BG  ; and  (BD  vanilhing)  BF  is  to  BA  as  DF  to  DA  ; and  becaufe  of  the  parallel  lines 
CB  and  GF,  the  triangles  AFG  and  ABC  are  fimilar.  BA  therefore  is  to  AG,  as  CA  to  AF; 
confequently,  BA  is  to  BA — AG,  that  is,  to  BG,  as  CA  is  to  CA^ — AF,  that  is,  to  CF. 

In  like  manner  the  Propofition  may  be  proved  of  rays  palling  out  of  a denfer  into  a rarer 
medium  towards  a point  between  the  centre  of  convexity  and  the  furface,  and  in  all  other 
fuppofable  cafes. 

Cor.  Hence  the  diftance  of  the  radiant  point,  or  of  the  imaginary  focus,  being  given, 
and  alfo  the  radius  of  convexity,  and  the  fines  of  the  angles  of  incidence  and  refraction  of 
diverging  or  converging  rays,  the  focus  of  any  lens  may  be  thus  found. 

Let 
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Let  it  be  required  to  determine  the  focal  diftance  of  diverging  rays  palling  out  of  air  into 
glafs  through  a convex  furface,  and  let  the  diftance  of  the  radiant  point  be  20,  and  the 
radius  of  convexity  be  5 : let  the  focal  diftance  be  exprefied  by  x : then,  becaufe  by  the 
preceding  Propofition  the  ratio  compounded  of  that  which  the  focal  diftance  bears  to  the 
diftance  of  the  radiant  point,  (that  is,  in  this  fuppofition,  of  x to  20  ;)  and  of  the  ratio 
which  the  diftance  of  the  fame  radiant  point  from  the  centre  bears  to  the  diftance  between 
the  centre  and  the  focus  (in  this  cafe,  of  25  to  x — 5)  is  equal  to  the  ratio  which  the  fine  of 
the  angle  of  incidence  bears  to  the  fine  of  the  angle  of  refraction,  (that  is,  of  17  to  11)  we 

fhall  have  in  the  inftance  before  us,  the. following  proportion,  ' !■  : : 17  : n, 

25  . x — 5 j 

and  compounding  them  in  one,  which  is  done  by  multiplying  the  two  firft  parts  together,  wq 
have  25*  : 20.V — 100  : ; 17  : n,  x—l^~°. 


SECT.  II. — Of  Images  produced  by  Refraction. 

PROP.  XXIV.  Rays  of  light  flowing  from  the  feveral  points  of  any 
object,  farther  from  a convex  lens  than  its  principal  focus,  by  palling 
through  the  lens,  will  be  made  to  converge  to  points  correfponding  to 
thofe  from  which  they  proceeded,  and  will  form  am  image. 

Let  ABC  be  a luminous  or  illuminated  obje£L  From  every  point,  as  A,  B,  C,  rays  diverge 
in  all  directions.  Let  fome  of  thefe  rays  fall  upon  a convex  lens  GHIv  placed  in  a hole  GK, 
in  the  window  fhutter  of  a dark  room  ML,  at  a greater  diftance  from  the  obje£t  than  the 
principal  focal  diftance  of  the  lens.  BH  being  the  axis,  will  (by  Prop.  XIV.)  pafs  through 
the  lens  without  refra&ion  in  the  direction  BHE.  But  the  collateral  rays  BG,  BK,  made 
equally  convergent  by  the  lens,  will  crofs  the  axis  at  E $ that  is,  all  the  rays  which  come  from 
the  point  B in  the  object,  will  be  united  behind  the  lens  in  the  focus  E.  In  like  manner, 
among  the  rays  AG,  AH,  AK,  which  diverge  from  the  point  A,  whilft  AH  the  axis  (as  was 
fhewn  Prop.  XVII.  Schol.)  may  be  confidered  as  if  it  went  flraight  through  the  lens,  the  other 
rays  will  be  made  to  converge,  and  will  be  united  in  a focus  at  F : and  alfo,  the  rays  from  C 
will  be  united  in  D.  The  fame  may  be  fhewn  concerning  every  other  point  in  the  object. 
Confequently,  there  yvill  be  as  many  correfpondent  foci  in  the  image  as  there  are  radiant  points 
in  the  obje£l  : and  thefe  foci  will  be  difpofed  in  the  fame  manner  with  refpe£t  to  one  another 
as  the  radiants,  and  will  therefore  form  an  image.  The  objeft  mufl  be  farther  from  the  lens 
than  its  principal  focus,  elfe  the  rays  from  the  feveral  radiants  would  not  converge,  but  either 
become  parallel  or  diverging,  (by  Prop.  XVII.)  whence  no  image  would  be  formed. 

Exp.  1.  Let  the  rays  of  the  fun  pafs  through  a convex  lens  into  a dark  room,  and  fall 
upon  a fheet  of  white  paper  placed  at  the  diftance  of  the  principal  focus  from  the  lens. 

2.  The  rays  of  a candle,  in  a room  from  which  all  external  light  is  excluded,  pafling 
through  a convex  lens  will  form  an  image  on  white  paper. 


PROP.  XXV.  The  image  produced  by  rays  of  light  palling  through 
a convex  lens  is  inverted. 
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The  focus  in  which  the  rays,  that  come  from  any  point  A,  or  B,  are  united,  is,  in  the  Plate  6. 
axis  AHF,  or  BHE,  of  the  beam,  whether  it  fall  diredtly  or  obliquely  upon  the  lens.  But  f‘s' 
the  axis  (by  Prop.  XVII.)  is  the  middle  ray  of  a cone  of  rays  whofe  bafe  is  the  furface  of 
the  lens,  and  vertex  the  radiant  point.  Every  axis,  therefore,  as  AHF,  BHE,  muft  pafs 
through  H the  middle  point  of  the  lens,  and  confequently  muft  crofs  one  another  in  that 
point : from  which  it  is  manifeft,  that  the  rav6  from  the  lowed  point  C of  the  objedt  will 
become  the  higheft  point  of  the  image  D ; and  that  the  image  will  be,  with  refpedt  to  the 
original  object,  inverted. 

PROP.  A.  An  objedt  feen  through  a very  fmall  aperture  appears  in- 
verted. Becaufe  the  rays  from  the  extreme  parts  of  the  objedt  muft  have 
crofted  at  the  hole. 

The  rays  of  light  are  probably  infledted  as  they  pafs  the  edge  of  the  aperture,  for  it  ren- 
ders diftant  objedts  very  diftindt  to  a iliort-fighted  perfon,  and  has  therefore  tire  property  of 
a concave  lens.  This  effedt  may,  perhaps,  partly  arife  from  the  fmall  number  of  rays  admit- 
ted to  the  eye,  by  which  the  co.nfufion  to  a Iliort-fighted  perfon  may,  in  fome  meafure,  be 
taken  off. 

PROP.  XXVI.  The  image  will  not  be  diftindt,  unlefs  the  plane  fur- 
face,  on  which  it  is  received,  be  placed  at  the  diftance  of  the  principal 
focus  of  the  lens. 

For  otherwife  the  rays  which  come  from  a fingle  point  in  the  objedt,  will  not  have  its 
correfponding  point  in  the  image,  but  will  be  fpread  over  a larger  furface. 

PROP.  XXVII.  As  an  objedt  approaches  a convex  lens,  its  image 
departs  from  it,  and  as  the  objedt  departs  the  image  approaches. 

As  the  objedt  ABC  approaches  the  lens,  the  feveral  radiants  approach  it  -:  and  confequently  p]ate  6. 
(by  Prop.  XIX.)  the  feveral  foci  which  form  the  image  FED  recede  and  the  reverfe.  But 
the  image  can  never  be  nearer  the  lens  than  its  focus  of  parallel  rays,  fince  this  is  the  place  of 
the  image,  when  the  objedt  is  infinitely  diftant. 

PROP.  XXVIII,  When  the  objedt  is  placed  parallel  to  the  image,  the 
diameter  of  the  objedt  is  to  the  diameter  of  the  diftindt  image,  as  the 
diftance  of  the  objedt  from  the  lens,  is  to  the  diftance  of  the  image  from 
the  lens. 

The  radiant  A (as  appears  from  Prop.  XXV.)  is  reprefented  by  its  focus  in  the  point  F plate  6. 
where  the  line  API,  produced  behind  the  lens,  cuts  a plane  palling  through  the  focus  of 
parallel  rays  parallel  to  the  lens.  In  like  manner  the  radiant  C is  reprefented  by  its  corref- 
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ponding  focus  in  the  point  D,  in  which  the  fame  plane  is  cut  by  the  line  CH  produced.  If 
therefore  the  diftance  of  the  extremities  of  the  objedt,  or  its  length,  be  AC,  the  length  of  its 
image  will  be  DF.  Since  therefore  AC  is  parallel  to  DF,  the  alternate  angles  AGL),  CDFy 
(El.  I.  29.)  are  equal } and  alfo  the  alternate  angles  CAF,  AFU  : whence  (El.  VI.  4.)  AC  is 
to  FD,  as  CH  to  DH,  as  BH  is  to  EH,  that  is,  the  height  of  the  objedt  is  to  that  of  the  image, 
as  the  diftance  of  the  objedt  from  the  lens,  to  the  diftance  of  the  image  from  the  lens.  Any 
diameter  or  line  drawn  acrofs  the  objedt  may  be  proved,  in  like  manner,  to  have  the  fame  ratio' 
to  any  correfponding  diameter  or  line  drawn  acrofs  the  image. 


PROP.  XXIX.  When  the  image  appears  confufed,  it  is  larger  thart- 
when  it  is  diftindt 

For  the  rays,  in  this  cafe,  are  not  received  upon  the  white  furface  exadtly  at  the  diftance 
from  the  lens  at  which  they  are  brought  to  a focal  point,  but  either  at  a diftance  greater  or 
lefs  : and  in  either  cafe  the  rays  which  come  from  any  radiant  points  at  the  extremities  A 
and  C,  will  not  be  colledted  into  points  on  the  plane  at  F and  D,  but  be  fpread  over  a fmall 
circular  fpace  round  thefe  points  ; whence  the  confufed  image  will  be  larger  than  the  diftindt 
image. 

PROP.  XXX.  The  objedt  and  the  diftindl  image  are  fimilar  furfaces. 

Though  the  fide  of  any  objedt  which  is  towards  the  lens  be  not  a plane  furface,  yet  the 
light  is  refledted  from  it  in  the  fame  manner  as  if  the  figure  of  the  objedt  were  drawn  upon 
the  plane  furface  of  a piece  of  canvas,  and  differently  lhaded.  Therefore  the  fide  of  the 
objedt  next  to  the  lens  may  be  confidered  as  a plane  figure.  And  fince  (by  Prop.  XXVIII.) 
the  height  of  the  objedt  is  to  that  of  the  pidture,  as  the  diftance  of  the  objedt  from  the  lens, 
to  the  diftance  of  the  image  from  the  lens,  and  alfo  the  breadth  of  the  objedt  in  any  part,  to 
the  breadth  of  the  image  in  the  correfponding  part  in  the  ratio  of  thefe  diftances  ; it  follows 
(El.  V.  11.)  that  the  height  of  the  objedt  is  to  the  height  of  the  image,  as  the  breadth  of  the 
objedt  in  any  part  is  to  the  breadth  of  the  image  in  its  correfponding  part ; that  is,  the  objedt 
and  image  are  fimilar  furfaces. 

\ , . . . . ..  * f ' , 

PROP.  XXXI.  The  diameter  of  an  image  formed  by  rays  pafling 
from  a given  objedt  through  a convex  lens,  increafes  as  the  objedt 
approaches  the  lens,  and  decreafes  as  the  objedt  recedes  from  the  lens. 

The  diameter  of  the  image  (by  Prop.  XXVIII.)  increafes  as  its  diftance  increafes,  and 
decreafes  as  its  diftance  decreafes.  And  (by  Prop.  XXVII.)  the  diftance  of  the  image  in- 
creafes as  the  diftance  of  the  objedt  decreafes,  and  the  reverfe.  Whence  the  diameter  of 
the  image  increafes  'as  the  diftance  of  the  objedt  decreafes,  and  decreafes  as  the  diftance  of 
the  objedt  increafes. 


PROP.  XXXII. 
diameter  of  the  image 


When  the  diftance  of  the  object  is  given,  the 
is  as  the  diameter  of  the  objedt. 

If 
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If  the  object  AC  remains  at  the  diftance  BH  from  the  lens,  the  image  (by  Prop.  XXVII.) 
will  remain  at  the  diftance  EH  : whence  the  ratio  of  BH  to  EH,  and  confequently  (by 
Prop.  XXVIII.)  the  ratio  of  the  diameter  AC  to  its  correfpondent  diameter  DF,  is  given, 
or  is  invariable.  Confequently,  if  AC  increafes  or  decreafes,  DF  mud  proportionally  in~ 
creafe  or  decreafe,  that  is,  the  diameter  of  the  image  is  directly  as  the  diameter  of  the  object. 

PROP.  XXXIII.  When  the  diameter  and  diftance  of  the  objed  are 
given,  the  diameter  of  the  image  will  be  as  its  diftance  from  the  lens. 

If  the  diameter  and  diftance  of  the  object  are  given,  it  is  manifeft  that  the  diameter  of 
the  image  cannot  be  varied  without  changing  the  lens.  But  if,  inftead  of  the  lens  GFIK, 
one  Iefs  convex,  or  more  convex,  be  ufed,  the  rays  will  be  brought  to  a focus,  and  the 
image  (by  Prop.  XXIV.)  will  be  formed  at  a greater  or  lefs  diftance  from  the  lens.  And 
fince  (by  Prop.  XXVIII.)  the  diftance  of  the  object  is  always  to  the  diftance  of  the  image, 
as  the  diameter  of  the  objed  to  the  diameter  of  the  image  ; the  firft  and  third  terms  remain- 
ing inyariable,  the  fecond  and  fourth  muft  be  increafed  or  diminilhed  proportionally,  that  is, 
the  diameter  of  the  image  will  be  diredly  as  its  diftance  from  the  lens. 

PROP.  XXXIV.  When  the  diameter  and  diftance  of  the  objed  are 
given,  the  area  of  the  image  is  as  the  fquare  of  its  diftance  from  the  lens. 

Becaufe  the  furface  of  the  image  (by  Prop.  XXX.)  is  fimilar  to  the  furface  of  the  object, 
whilft  the  furface  of  the  object  remains  the  fame,  the  image,  in  every  variation  of  its 
magnitude,  muft  be  fimilar  to  itfelf.  But  the  areas  of  fimilar  furfaces  (El.  VI.  20.  Cor.  1.) 
are  as  the  fquares  of  their  homologous  Tides,  that  is,  as  the  fquares  of  their  heights  01- 
breadths.  Therefore  the  area  of  the  image  is  always  as  the  fquare  of  its  diameter.  And  the 
diameter  of  the  image,  when  the  diameter  and  diftance  of  the  objed  are  given,  is  (by  Prop. 
XXXIII.)  as  its  diftance  from  the  lens  : therefore  the  fquare  of  its  diameter,  or  its  area,  is  as 
the  fquare  of  its  diftance  from  the  lens, 

PROP.  XXXV.  Though  the  diftance  of  the  objed  from  the  lens  be 
varied,  the  image  may  be  preferved  diftind  without  varying  the  diftance 
of  the  plane  furface  which  receives  it. 

This  will  be  the  cafe,  if  as  much  as  the  image  is  brought  forwards  by  the  removal  of  the 
objed,  it  is  thrown  backwards  by  diminifhing  the  convexity  of  the  lens,  and  the  reverfe  : 
or  the  image  may  be  preferved  diftind  without  changing  the  lens,  by  increafing  or  diminilh- 
ing  the  diftance  of  the  lens  from  the  plane  furface  which  receives  the  image,  in  the  fame 
ratio  as  the  diftance  of  the  objed  from  the  lens  is  increafed  or  dimiuiflied  j which  may  be 
done  either  by  moving  the  lens  or  the  plane  furface. 
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PROP.  XXXVI.  The  diftances  of  the  >obje£t  and  image,  and  the 
diameter  of  the  objedt  being  given,  the  diameter  of  the  image  will  not 
be  altered  by  changing  the  area  of  the  lens.- 

The  height  of  the  image  DF  is  the  diftance  between  the  two  extreme  foci  F and  D ; the 
former  of  which  is  always  in  the  axis  AHF  of  the  cone  which  has  A for  its  vertex,  and  the 
latter  in  the  axis  CHD  of  the  cone  whofe  vertex  is  C,  which  axes  crofs  each  other  in  H. 
Since  therefore  DF,  the  height  of  the  image,  is  the  diftance  between  thefe  two  lines  AHF,. 
CHD,  where  they  meet  the  plane  furface,  the  height  of  the  image  will  be  the  fame,  whether 
the  whole  area,  GHK  is  open,  or  only  a fmall  part  of  it  at  H. 

PROP.  XXXVII.  When  the  objedf  is  near  the  lens,  but  not  fo  near 
as  the  principal  focus,  in  order  to  make  the  image  diftindt,  the  area  of  the 
lens  muft  be  fmall. 

If  the  objedt  was  as  near  to  the  lens  as  the  principal  focus,  or  nearer,  no  image  (by 
Prop.  XVII.)  could  be  formed.  But  let  the  objedl  A be  at  a diftance  from  the  lens  NP, 
very  little  greater  than  that  of  the  principal  focus  : then  the  extreme  rays  AN,  AP,  of  the 
cone  NAP,  diverging  more  than  the  rays,  AD,  AE,  if  the  plane  furface  which  is  to  receive 
the  rays,  is  placed  where  thefe  rays  are  colledled  to  a focus,  the  extreme  rays  AN,  AP, 
diverging  more,  will  not  be  collected,  and  the  image  on  the  plane  furface  will  be  confufed. 
To  prevent  this,  the  extreme  rays  muft  be  excluded  by  diminifhing  the  area  of  the  lens',  or 
of  the  hole  where  it  is  placed.  If  the  radiant  A were  at  a greater  diftance,  this  would  be 
unnecefiary.  Suppofing  the  lens  at  SR,  the  extreme  rays  AN,  AP,  would  pafs  above  or 
below  the  lens,  and  only  the  middle  rays,  which  are  brought  to  a focus  on  the  plane  furface, 
would  pafs  through  the  lens. 

PROP.  XXXVIII.  The  brightnefs  of  an  image,  when  its  diftance 
from  the  lens  is  given,  is  as  the  area  of  the  lens. 

Plate  6.  When  the  whole  area  GHK  is  open,  the  entire  cone  of  ray3  AGK  partes  through  the 
Fig.  aa.  ]ens  from  the  point  A,  and  is  brought  to  a focus  at  F : but  udien  the  area  is  diminifhed  to 
a fmall  furface  at  H,  the  greateft  part  of  the  cone  is  excluded,  and  no  rays,  but  the  axis  AH 
and  thofe  which  are  near  it,  can  pafs  through  the  lens  : whence  it  is  manifeft,  that  the  focal 
point  F muft  be  more  illuminated  by  the  rays  from  A when  the  area  of  the  lens  is  GHK, 
than  when  the  area  is  diminifhed.  The  fame  may  be  faid  of  every  other  cone  of  rays,  and  of 
every  other  point  in  the  image.  Therefore  the  whole  image,  although  (by  Prop.  XXXVII.) 
made  more  diftindt  by  diminifhing  the  area,  will  be  made  fainter  or  lefs  bright. 

PROP.  XXXIX.  The  brightnefs  of  the  image,  when  the  area  of  the 
lens  and  the  diftance  of  the  object  are  given,  is  inverfely  as  the  fquare  of 
its  diftance  from  the  lens- 
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The  area  of  the  lens  and  diftance  of  the  object  being  given,  the  number  of  rays  which  pafs 
through  the  lens  and  form  the  image,  is  given.  Now  the  fame  dumber  of  rays  fpread  over  a 
larger  furface  will  not  illuminate  it  fo  ftrongly  as  they  would  a fmaller  furface  : that  is,  the 
brightnefs  will  be  inverfd.y  as  the  illuminated  area:  and  the  area  of  the  image  is  (by Prop. 

XXXIV.)  as  the  fquare  of  its  diftance  from  the  lens  : whence  its  brightnefs  is  inverfely  as  the 
fquare  of  its  diftance. 

PROP.  XL.  The  heat  at  the  focus  of  a burning  glafs,  when  the  area 
of  the  glafs  is  given,  is  inverfely  as  the  fquare  of  the  focal  diftance. 

The  diftance  of  the  burning  fpot,  that  is,  the  image  of  the  fun,  from  the  lens,  is  the  focal 
diftance,  becaufe  the  fun’s  rays  are  parallel.  And  becaufe  the  heat  and  the  brightnefs  at  the 
focus  are  as  the  number  of  rays  collefted,  the  heat  is  as  the  brightnefs.  But  the  brightnefs 
(by  Prop.  XXXIX.)  is  inverfely  as  the  fquare  of  the  diftance  of  the  image  from  the  lens  : 
therefore  the  heat  is  in  the  fame  ratio,  that  is,  in  this  cafe,  inverfely  as  the  fquare  of  the  focal 
diftance  of  the  glafs. 

PROP.  XLI.  The  heat  at  the  focus  of  a burning  glafs,  when  the  focal 
diftance  is  given,  is  as  the  area  of  the  glafs. 

The  brightnefs  is  (by  Prop.  XXXVIII.)  as  the  area  of  the  lens,  and  the  heat  is  as  the 
brightnefs  : therefore  the  heat  is  alfo  as  the  area  of  the  lens. 

PROP.  XLII.  The  heat  at  the  focus  of  a burning  glafs  is  to  the  com- 
mon heat  of  the  fun,  inverfely  as  the  area  of  the  focus  to  the  area  of  the  glafs. 

The  brightnefs,  or  the  heat,  ifluft  be  inverfely  as  the  fpace  or  area  over  which  the  rays 
which  caufe  them  are  fpread,  that  is,  inverfely  as  the  area  of  the  focus  to  the  area  of  the  glafs. 

Schol.  This  propofition  fuppofes  all  the  rays  which  fall  upon  the  lens  to  pafs  through  it 
to  the  focus. 

Exp.  Moft  of  the  preceding  Propofitions,  from  Prop.  XIX.  to  XXXIX.  may  be  confirmed,  plate  12. 
in  a room  from  which  all  external  light  is  excluded,  by  placing  a convex  lens  „v,  fixed  in  a F'S-  9* 
frame  which  moves  perpendicularly  upon  an  oblong  bar  of  wood,  or  table  BD,  at  diftances, 
fuch  as  the  Propofitions  require,  from  a lighted  candle  Q^placed  perpendicularly  on  the  fame 
bar  of  wood,  and  receiving  the  images  upon  white  paper  q.  Upon  this  bar  of  wood,  on  one 
fide  of  a line  over  which  the  convex  lens  is  placed,  let  a line  perpendicular  to  the  laft  men- 
tioned line  be  divided  into  parts  r,  2,  3,  4,  &c.  each  equal  to  the  diftance  of  the  focus  of 
parallel  rays  ; and  on  the  other  fide  of  the  lens,  let  a line  be  divided  in  the  fame  manner,  and 
let  the  firft  divifion  which  is  farther  from  the  lens  than  the  focus  be  fubdivided  into  parts 
refpedlively  equal  to  4,  -f>  L &c.  of  the  diftance  of  the  focus  of  parallel  rays  : if  a candle  be 
placed  over  the  divifion  2,  it  will  form  a diftindft  image  on  a paper  held  over  the  divifion  i ; 
if  the  candle  be  over  3,  the  image  will  be  at  4,  See.  whence  it  appears,  that  the  diftances  of 
the  correfpondent  foci  vary  reciprocally.  Prop.  XL,  XLI,  XLII,  may  be  confirmed  by  hold- 
ing a large  double  convex  lens,  or  burning  glafs,  in  the  fun’s  rays,  and  receiving  the  image 
on  white  paper,  or  other  lubftances. 
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Of  Reflection, 

SECT.  I. — Of  the  Laws  ©/'Reflection, 

Def.  XIX.  A Ray  of  Light , turned  back  into  the  fame  medium  iq 
which  it  moved  before  its  return,  is  Laid  to  be  reflected , 

Def.  XX.  The  Angle  of  Reflection  is  that  which  is  contained  be- 
tween the  line  defcribed  by  a reflected  ray  and  a line  perpendicular  to  the 
reflecting  furface  at  the  point  of  reflection, 

Let  A C be  the  incident  ray  falling  upon  the  reflecting  furface  DE,  CB  will  be  the  reflected 
rav,  OC  the  perpendicular,  ACO  the  angle  of  incidence,  and  OCB  the  angle  of  reflection. 

PROP.  XLIII.  The  reflection  of  light  from  transparent  bodies  is 
either  partial  or  total  : the  partial  reflection  happens  either  at  the  firft  or 
fecond  furface,  the  total,  at  the  fecond  furface  only. 

When  a beam  of  light  falls  upon  a thick  piece  of  polifhed  glafs,  all  the  rays  will  not  pafs 
through  it  ; but  fome  of  them  will  be  reflected  from  the  firft  furface  of  the  glafs,  where  the 
beam  enters.  At  the  fecond  furface,  fome  of  the  rays  will  alfo  be  reflected.  Thefe  partial 
reflections  happen,  whatever  is  the  obliquity  of  the  rays.  The  total  reflection  happens  when 
the  angle  of  incidence,  or  the  obliquity,  is  greater  than  41  degrees.  All  the  light  which 
then  comes  to  the  fecond  furface  will  be  reflected.  See  Gor.  3.  Pr.  xm. 

Schol.  The  rays  of  light  are  not  reflected  by  ftr iking  upon  the  folid  parts  of  bodies. 

At  lealt  as  many  rays  are  reflected  from  the  fecond  furface  when  the  light  paflfes  out  of 
glafs  into  air,  as  from  the  firft  when  it  pafles  out  of  air  into  glafs  : but  if  the  reflection  were 
caufed  by  the  flriking  of  the  rays  upon  folid  parts  of  bodies,  fince  glafs  is  denfer  than  air, 
that  is,  has  more  folid  parts  in  a given  fpace,  a greater  quantity  of  rays  would  be  reflected 
from  the  firft  furface  than  from  the  fecond.  Befides,  it  feems  improbable  that,  at  the  fecond 
lurface,  with  one  degree  of  obliquity,  the  rays  fhould  meet  with  nothing  hut  pores  or  in- 
terltices  in  the  air,  and  pafs  freely  into  it,  and  that  with  a greater  degree  of  obliquity,  it  fhould 
meet  with  nothing  but  folid  parts,  and  be  totally  reflected.  Again,  fince  water  is  denfer  than 
air,  if  the  reflection  were  owing  to  the  (triking  of  the  rays  upon  the  folid  body,  it  might  be 
expeCted  that  the  light  would  be\nore  perfectly  reflected  in  paffing  out  of  glafs  into  water  than 
into  air  ; whereas  it  is  found,  that  if  water  be  placed  behind  the  glafs  inftead  of  air,  rays  will 
not  be  reflected  at  the  fecond  furface,  though  their  obliquity  be  greater  than  41  degrees  : from 
hence  alfo  it  is  manifeft,  that  the  reflection  is  not  owing  to  the  linking  of  the  rays  upon  the 
fecond  furface  of  the  glafs ; for  then  it  would  be  the  feme  whatever  were  the  medium  beyond  it. 
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PROP.  XLIV,  Refledion  is  caufed  by  the  powers  of  attraction,  and 
repulfion  in  the  reflecting  bodies. 


Suppofing  that  bodies  attra£l  thofe  rays  which  are  very  near  them,  and  repel  thofe  a little  Plate  6. 
farther  from  them  ; and  calling  the  fpace  contiguous  to  the  furface  of  the  glafs,  where  the  Flg' 
rays  are  attracted,  the  attracting  furface  ; and  the  fpace  next  to  this,  the  repelling  furface, 
the  propofition  may  be  thus  proved. 

Let  GG,  MM,  be  the  repelling  furface  of  a piece  of  glafs,  and  Rn  a ray  falling  upon  It. 

This  ray  when  it  enters  the  furface  will  be  retarded  by  the  repulfion,  and  Confequently,  re- 

fraCted  from  the  perpendicular  at  <7.  Anil  this  repulfion  increafing  till  the  ray  gets  into  the 

furface  of  attraction,  the  ray  will  be  conllantly  retarded,  that  is,  turned  out  of  its  ftraight 

courfe  at  l,  c,  d,  &c.  till  it  becomes  parallel  to  MM  at  f the  limit  of  the  repelling  furface. 

And  in  this  fituation  of  the  ray,  the  repelling  force,  which  had  retarded,  will  now  con  ft  ant- 

ly  accelerate  it,  and  confequently  it  will  be  continually  refraCted  towards  the  perpendicular,  at 

g,  by  i,  &c.  till  it -emerge  from  the  furface  at  / when,  the  repelling  force  ceaiing  to  aCt,  the 

ray  will  proceed  in  a right  line^  Thus  the  ray,  by  reflection,  is  made  to  defcribe  the 

curve  a f l. 

J 


PROP.  XLV.  The  angle  of  refleClion  is  equal  to  the  angle  of  inci- 
dence, and  their  complements  are  alio  equal. 


In  all  cafes  of  reflection,  the  rays  (by  Prop.  XLIV.)  defcribe  fuch  a curve  at  a f l.  And 
fince  they  defcribe  one  half  of  this  curve  by  being  retarded,  and  one  half  by  being  fimilarly 
accelerated,  one  half  will  be  limiiav  to  the  other  ; whence  one  half  will  make  the  fame  angle 
with  a perpendicular  at f as  the  other  half  makes  with  it.  And  the  bending  of  the  rays  is 
made  within  fo  very  fmall  a compafs,  that  is,  the  curve  a f l is  fo  fmall  that  it  may  be  neg- 
leCted,  as  in  fig.  25.  where  the  angle  ACO  is  equal  to  the  angle  BCO,  and  confequently,  the 
angle  ACD  equal  to  BCE. 

Exp.  1.  Having  defcribed  a femicircle  on  a fmootli  board,  and  from  the  circumference 
let  fall  a perpendicular  bifeCting  the  diameter,  on  each  fide  of  the  perpendicular  cut  off  equal 
parts  of  the  circumference  ; draw  lines  from  the  points  in  which  thofe  equal  parts  are  cut  off 
to  the  centre  j place  three  pins  perpendicular  to  the  board,  one  at  each  point  of  fe£Hon  in 
the  circumference,  and  one  at  the  centre  •,  and  place  the  board  perpendicular  to  a plane 
mirror.  Then  look  along  one  of  the  pins  in  the  circumference  to  that  in  the  centre,  and  the 
other  pin  in  the  circumference  will  appear  in  the  fame  line  produced  with  the  firft,  which 
(hews  that  the  ray  -vX/hich  comes  from  the  fecoild  pin,  is  vefle£ted  lrorn  the  mirror  at  the 
centre  to  the  eye,  in  the  fame  angle  in  which  it  fell  on  the  mirror. 

2.  Let  a ray  of  light  paffing  through  a fmall  hole  into  a dark  room,  be  reflected  from  a 
plane  mirror  ; at  equal  diftances  from  the  point  of  refledlion,  the  incident  and  the  refle&ed 
ray,  will  be  at  the  fame  height  from  the  furface. 

PROP.  XLVI,  All  rcfle&ion  is  reciprocal. 


If 
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If  the  ray  AC,  after  it  has  been  reflected  in  the  line  CB,  is  turned  back  again  in  the 
direction  CB,  it  will  be  reflected  (by  Prop.  XLV.)  into  AC.  Therefore  if  ACO  is  the 
angle  of  incidence,  OCB  will  be  the  angle  of  reflection  *,  and  if  OCB  be  the  angle  of  inci- 
dence, ACO  will  be  the  angle  of  reflection. 

Schol.  Sir  Ifaac  Newton. explains  the  .caufe  of  reflection  by  fuppofing,  that  light,  in  its 
paifage  from  the  luminous  body  is  difpofed  to  be  alternately  reflected  by,  and  tranfmitted 
through  any  refracting  furface  it  may  meet  with ; that  thefe  difpofitions,  which  he  calls  Fits 
of  eaiy  reflection  and  eai'y  tranfmifiion,  return  fucceffively  at  equal  intervals  : and  that  they 
are  communicated  to  it,  at  its  firfl  emiffion  out  of  the  luminous  body  it  proceeds  from,  pro- 
bably by  fome  very  fubtle  and  elaftic  fubftance  difFufed  through  the  univerfe,  in  the  following 
manner.  As  bodies  falling  into  water,  or  palling  through  the  air,  caufe  undulations  in  each, 
lb  the  rays  of  light  may  excite  vibrations  in  this  elaltic  fubftance.  The  quicknefs  of  thefe 
vibrations  depending  on  the  elafticity  of  the  medium,  (as  the  quicknefs  of  the  vibrations  in 
the  air,  which  propagate  found,  depend  folely  on  the  elafticity  of  the  air,  and  not  upon  the 
quicknefs  of  thofe  in  the  founding  body)  the  motion  of  the  particles  of  it  may  be  quicker 
than  that  of  the  rays  •,  and  therefore  when  a ray,  at  the  infhant  it  impinges  upon  any_  furface, 
is  in  that  part  of  a vibration  of  this  elaftic  fubftance  which  confpires  with  its  motion,  it  may 
be  eafdy  tranfmitted,  ?nd  when  it  is  in  that  part  of  a vibration  which  is  contrary  to  its  motion, 
it  may  be  reflected.  He  farther  fuppofes,  that  when  light  falls  upon  the  firfl  furface  of  a 
body,  none  is  reflected  there,  but  all  that  happens  to  it  there  is,  that  every  ray  that  is  not  in 
a fit  of  eafy  tranfmiffion,  is  there  put  into  one,  fo  that  when  they  come  at  the  other  fide,  (for 
this  elaftic  fubftance  eafily  pervading  the  pores  of  bodies,  is  capable  of  the  fame  vibrations 
within  the  body  as  without  it)  the  rays  of  one  kind  fhall  be  in  a fit  of  eafy  tranfmiffion,  and 
thofe  of  another  in  a fit  of  eafy  reflection,  according  to  the  thicknefs  of  the  body,  the  inter- 
vals of  the  fits  being  different  in  rays  of  a different  kind. 

PROP.  XL VII.  Rays  of  light  reflected  from  a plane  furface,  have 

the  fame  degree  of  inclination  to  each  other  that  their  refpedtive  incident 
ones  have. 

The  angles  of  reflection  of  the  rays  AC,  AI,  AK,  being  equal  to  that  of  their  refpective 
incident  ones,  it  is  evident  that  each  reflected  ray  will  have  the  fame  degree  of  inclination 
to  the  furface  DE,  and  from  whence  it  is  reflected,  that  its  incident  one  has  ; but  it  is  here 
fuppofed  that  all  thofe  portions  of  furface,  from  whence  the  rays  are  reflected,  are  fituated 
in  the  fame  plane  ; confequently,  the  reflected  rays  FC,  LI,  MK,  will  have  the  fame  degree 
of  inclination  to  each  other  that  their  incident  ones  have,  from  whatever  part  of  the  furface 
they  are  reflected. 

Cor.  Parallel  rays  falling  on  a refleting  plane  furface  are  reflected  parallel. 

PROP.  B.  If  a plane  mirror  revolve  upon  an  axis,  the 
velocity  of  the  reflected  ray  is  double  that  of  the  mirror. 
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Let  DE  be  a mirror,  AC  an  incident  ray,  and  CB  a reflected  ray.  If  the  mirror  turn 
upon  an  axis  at  C fo  as  to  come  into  the  fituation  FG,  then  the  incident  ray  AC  will  be 
reflected  into  the  line  CH.  Now  the  angle  BCH  which  exprefles  the  angular  velocity  of 
the  reflected  ray  BC,  is  double  of  the  angle  DCF  which  is  the  angular  velocity  of  the 
mirror.  For  the  angle  ACDzzzBCEzz  BCH  -f-  FICE.  (Prop.  XLV.)  For  the  fame  reafon 
ACF  zz  HCG  — HCE  -f-  (ECG)  FCD.  Therefore  the  angle  DCF  (ACD  — ACF)  = 
BCH  — DCF,  confequently  the  angle  BCH  zz  2DCF  ; that  is,  the  angular  velocity  of  the 
reflected  ray  is  double  that  of  the  mirror. 

Schol.  Upon  this  Propofition  depend  the  conftruCtion  and  ufe  of  Hadley’s  quadrant. 

PROP.  XLVIII.  Parallel  rays  reflected  from  a concave  furface  are 
made  converging. 

Let  AF,  CD,  EB,  reprefent  three  parallel  rays  falling  upon  the  concave  furface  FB, 
whofe  centre  is  C.  To  the  points  F and  B draw  the  lines  CF,  CB  ; thefe  being  drawn 
from  the  centre  will  be  perpendicular  to  the  furface  at  thofe  points.  The  incident  ray  CD 
alfo  palling  through  the  centre  will  be  perpendicular  to  the  furface,  and  therefore  will  return 
after  reflection  in  the  fame  line  ; but  the  oblique  rays  AF  and  EB  will  be  reflected  into  the 
lines  FM,  BM,  fituated  on  the  contrary  fide  of  their  refpeCtive  perpendiculars  CF  and  CB. 
They  will  therefore  proceed  converging  after  reflection  towards  fome  point,  as  M,  in  the 
line  CD, 

PROP.  XLIX.  Converging  rays  falling  upon  a concave  furface  are 
made  to  converge  more. 

Let  GB,  HF,  be  the  incident  rays.  Now,  becaufe  thefe  rays  have  larger  angles  of  in- 
cidence than  the  parallel  ones,  AF,  EB,  in  the  foregoing  cafe,  their  angles  of  reflection 
will  alfo  be  larger  than  theirs  : they  will  therefore  converge  after  reflection,  fuppofe  in  the 
lines  FN,  and  BN,  having  their  point  of  concourfe  N farther  from  C than  the  point  M,  to 
which  the  parallel  rays  AF  and  EB  converged  in  the  foregoing  cafe. 

PROP.  L.  Diverging  rays,  falling  upon  a concave  furface,  if  they 
diverge  from  the  focus  of  parallel  rays,  become  parallel  ; — if  from  a 
point  nearer  the  furface  than  that  focus,  will  diverge  lefs  than  before  re- 
flection ; — if  from  a point  between  that  focus  and  the  centre,  will  con- 
verge after  reflection  to  fome  point,  on  the  contrary  fide  of  the  centre, 
and  farther  from  the  centre  than  the  point  from  which  it  diverged  ; — if 
from  a point  beyond  the  centre,  the  reflected  rays  will  converge  to  a point 
on  the  contrary  fide,  but  nearer  to  it  than  the  point  from  which  they 

diverged ; — if  from  the  centre,  they  will  be  reflected  thither  again. 
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Let  the  incident  diverging  rays  be  MF,  MB,  proceeding  from  M the  focus  of  parallel  rays  ; 
then  as  the  parallel  rays  AF  and  EB  were  reflefted  into  the  lines  FM  and  BM,  thefc  rays' 
will  now  on  the  contrary  be  refledbed  into  them.  (By  Prop.  XLVI.) 

Let  them  diverge  from  N,  a point  nearer  to  the  furface  than  the  focus  of  parallel  rays, 
they  will  then  be  reflected  into  the  diverging  lines  HF  and  BG,  which  the  incident  rays- 
GB  and  HF  defcribed,  which  were  fhewn  to  be  refledbed  into  them  in  the  foregoing  propo- 
rtion ; hut  the  degree  wherein  they  diverge,  will  be  jefs  than  that  wherein  they  diverged 
before  refkdbion. 

Let  them  proceed  diverging  from  X,  a point  between  the  focus  of  parallel  rays  and  the 
centre,  they  then  make  lei's  angles  of  incidence  than  the  rays  MF  and  MB,  which  became 
parallel  by  refledbion,  they  will  confequently  have  lefs  angles  of  reflcaion,  and  proceed 
therefore  converging  towards  fome  point,  as  Y ; which  point  will 'always  fall  on  the  con- 
trary fide  of  the  centre,  becaufe  a refledbed  ray  always  falls  on  the  contrary  fide  the  perpen-* 
dicular  with  refpedb  to  that  on  which  its  incident  one  falls  ; and  therefore  will  be  farther 
diftant  from  the  centre  than  X, 

If  the  incident  ones  diverge  from  Y,  they  will' after  refledbion  converge  to  X,  thofe  which 
were  the  incident  rays  in  the  former  cafe  being,  the  reiledded  ones  in  this. 

Laibly,  if  the  incident  rays  proceed  from  the  centre,  they  fall  in  with  their  refpedlive 
perpendiculars,  and  for  that  reafon  are  refledbed  thither  again. 

Exp.  Place  a concave  mirror  at  proper  diftances  from  an  open  orifice,  or  a convex,  or  a 
concave  lens,  through  which  a beam  of  foiar  rays  pafles,  according  to  the  three  preceding 
propofitions. 


PROP.  LI.  Parallel  rays'  reflected  from  a convex  furface  are  made 
diverging. 
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Let  AB,  GD,  EF,  be  three  parallel  rays  falling  upon  the  convex  furface  BF,  whole 
centre  of  convexity  is  C,  and  let  one  of  them,  GD,  be  perpendicular  to  the  furface.  Through 
B D,  and  F,  the  points  of  reflection,  draw  the  lines  CV,  CG,  and  CT,  which  becaufe  they 
pafs  through  the  centre  will  be  perpendicular  to  the  furface  at  thofe  points.  The  incident 
ray  GD,  being  perpendicular  to  the  furface,  will' return  after  refledbion  in  the  fame  line,  but 
the  oblique  ones  AB  and  EF  in  the  lines  Blv  and  FL  fituated  on  the  contrary  fide  their  re- 
fpeaive  perpendiculars  BV  and  F F.  They  will  therefore  diverge  after  refleaion,  as  from 
fome  point  M in  the  line  GD  produced. 

PROP.  LII.  Diverging  rays  reflected  from  a convex  furface  are  made 
more  diverging. 


Let  GI3,  GF,  be  the  incident  rays.  Thefe  having  larger  angles  of  incidence  than  the 
parallel  ones  AB  and  EF  in  the  preceding  cafe,  their  angles  of  reflcaion  will  alfo  be  larger 
than  theirs;  they  will  therefore  diverge  after  reflcaion,  fuppofe  in  the  lines  BP  and  FO,  as 
from  fome  point  N farther  from  C than  the  point  M ; and  the  degree  wherein  they  will 
diverge,  will  exceed  that  wherein  they  diverged  before  refleaion. 
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PROP.  LIII.  Converging  rays  reflected  from  a convex  furfaee,  if 
they  tend  towards  the  focus  of  parallel  rays,  will  become  parallel  ; — if  to 
a point  nearer  the  iurface  than  that  focus,  will  converge  lefs  than  before 
refledhion  ; — if  to  a point  between  that  focus  and  the  centre,  will  diverge  as 
from  a point  on  the  contrary  fide  of  the  centre  farther  from  it  than  the 
point  towards  which  they  converged  ; — if  to  a point  beyond  the  centre, 
they  will  diverge  as  from  a point  on  the  contrary  fide  of  the  centre  nearer 
to  it  than  the  point  towards  which  they  firft  converged  ; — and  if  towards 
tire  centre,  they  will  proceed,  on  refledtion,  as  from  the  centre. 

Let  the  converging  rays  be  KB,  LF,  tending  towards  M the  focus  of  parallel  rays  ; then,  plate  6. 
as  the  parallel  rays  AB,  EF,  were  reflected  into  the  lines  BK  and  FL,  thofe  rays  will  now  on  aS' 
the  contrary  be  reflected  into  them. 

Let  them  converge  in  the  lines  PB,  OF,  tending  towards  N,  anoint  nearer  the  furfaee  than 
the  focus  of  parallel  rays,  they  will  then  be  reflected  into  the  converging  lines  BG  and  FG, 

In  which  the  rays.GB,  G.F,  proceeded,  which  were  {hewn  to  he  refleCled  into  them  in  the 
la  ft  pvopofition  immediately  foregoing  •,  but  the  degree  wherein  they  will  converge,  will  be 
lefs  than  that  wherein  they  converged  before  reflection. 

Let  them  converge  in  the  lines  RB  and  SF  proceeding  towards  X,  a point  between  the 
focus  of  parallel  rays  and  the  centre  ; their  angles  of  incidence  will  then  be  lefs  than  thofe 
of  the  rays  KB  and  LF,  which  became  parallel  after  reflection,  their  angles  of  reflection  will 
therefore  be  lefs,  on  which  account  they  mud  necefiarily  diverge,  fuppofe  in  the  lines  BH 
and  FI,  from  fome  point,  as  Y •,  which  point  wall  fall  on  the  contrary  fide  the  centre  with 
refpect  to  X,  and  will  be  farther  from  it  than  X. 

If  the  incident  rays'  tend  towards  Y,  the  reflected  ones  will  diverge  as  from  X,  thofe 
which  were  the  incident  ones  in  one  cafe,  being  the  reflected  ones  in  the  ether. 

And  laltly,  if  the  incident  rays  converge  towards  the  centre,  they  fail  in  with  their 
rcfpeCt ive  perpendiculars  ; on  which  account  they  proceed  after  reflection,  as  from  thence. 

Exp.  Iliuftrate  the  three  preceding  propofitions  by  receiving  upon  a convex  mirror,  a 
folar  ray  palling  through  an  open  orifice,  or  a concave  or  convex  lens. 

PROP.  LIV.  When  rays  fall  upon  a plane  furfaee,  if  they  diverge, 
the  focus  of  the  reflected  rays  will  be  at  the  fame  diftance  behind  the 
furfaee,  that  the  radiant  point  is  before  it : — if  they  converge,  it  will  be 
at  the  fame  diftance  before  the  furfaee,  that  the  imaginary  focus  of  the 
incident  rays  is  behind  it. 

Cafe  i.  Of  diverging  rays.  Let  AB,  AC,  be  two  diverging  rays  incident  in  the  plane  pb.tc  6. 
furfaee  DE,  the  one  perpendicularly,  the  other  obliquely  •,  the  perpendicular  one  AB  will  be  1-'S- 
refleded  to  A proceeding  as  from  fome  point  in  the  line  AB  produced  ; the  oblique  one  AC 

B d 7,  will 
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will  be  refle&ed  into  fome  line  CF,  fuch  that  the  point  G,  where  the  line  FC  produced  in* 
terfc<fts  the  line  AB  produced  alfo,  (hall  be  at  an  equal  diftance  from  the  furface  DE  with  the 
radiant  A.  For  the  perpendicular  CH  being  drawn,  ACH  and  HCF  will  be  the  angles  of 
incidence  and  refle&ion,  which  being  equal,  their  complements  ACB  and  FCE  are  fo  too  : 
but  the  angle  BCG  is  equal  (El.  I.  15.)  to  FCE  : therefore  in  the  triangles  ABC  and  GBC 
the  angles  at  C are  equal,  the  fide  BC  is  common,  and  the  angles  at  B are  alfo  equal  to  each 
other,  as  being  right  ones  ; therefore  (El.  I.  2 6.)  the  lines  AB  and  BG,  oppofite  to  the  equal 
angles  at  C,  are  alfo  equal,  and  confequently  the  point  G,  the  focus  of  the  incident  rays  AB, 
AC,  is  at  the  fame  diftance  behind  the  furface,  that  the  point  A is  before  it, 

• Cafe  2.  Of  converging  rays.  Suppofing  FC  and  AB  to  be  two  converging  incident  rays, 
CA  and  BA  will  be  the  reflected  ones,  (the  angles  of  incidence  in  the  former  cafe  being  now 
the  angles  of  reflection,  and  the  reverfe)  having  the  point  A for  their  focus  j but  this,  from 
what  was  demonftrated  above,  is  at  an  equal  diftance  from  the  reflecting  furface  with  the 
point  G,  which  in  this  cafe  is  the  imaginary  focus  of  the  incident  rays  FC  and  AB.  What 
is  here  demonftrated  of  the  ray  AC,  holds  equally  of  any  other,  as  AI,  AK,  &c. 

Schol.  The  cafe  of  parallel  rays  incident  on  a plane  furface,  is  included  in  this  propor- 
tion ; for  in  that  cafe  we  are  to  fuppofe  the  radiant  to  be  at  an  infinite  diftance  from  the 
furface,  and  then  by  the  propofition,  the  focus  of  the  reflected  rays  will  be  fo  too  ; that  is, 
the  rays  will  be  parallel  after  reflexion,  as  they  were  before. 


PROP.  LV.  When  parallel  rays  are  incident  upon  a fpherical  furface* 
the  focus  of  the  reflected  rays  will  be  the  middle  point  between  the  centre 
of  convexity  and  the  furface. 


Plate  7. 
Pig.  X. 


Cafe  1.  Of  parallel  rays  falling  upon  a convex  furface,  Let  AB,  DH,  reprefent  two 
parallel  rays  incident  on  the  convex  furface  BH,  the  one  perpendicularly,  the  other  obliquely  ; 
and  let  C be  the  centre  *of  convexity  ; fuppofe  FIE  to  be  the  reflected  ray  of  the  oblique 
incident  one  DFI  proceeding  as  from  F,  a point  in  the  line  AB  produced.  Through  the 
point  H draw  the  line  Cl,  which  will  be  perpendicular  to  the  furface  at  that  point,  and  the 
angles  DHI  and  IHE,  being  the  angles  of  incidence  and  reflection,  will  be  equal.  But 
HCF  is  equal  (El.  I.  29.)  to  Dill,  and  CFIF  (El.  I.  15.)  to  IHE  ; wherefore  the  triangle 
CFH  is  ifofceles  •,  and  confequently,  the  fides  CF  and  FH  are  equal  : but  fuppofing  BH  to 
vanifh,  FH  is  equal  to  FB,  and  therefore  upon  this  fuppofition  FC  and  FB  are  equal,  that 
is,  the  focus  of  the  reflected  rays  is  the  middle  point  between  the  centre  of  convexity  and  the 
furface. 


'Plate  7. 
Pig.  a. 


Cafe  2.  Of  parallel  rays  falling  upon  a concave  furface.  Let  AB,  DFI,  be  two  parallel 
rays  incident,  the  one  perpendicularly,  the  other  obliquely,  on  the  concave  furface  BH, 
whofe  centre  of  concavity  is  C.  Let  BF  and  HF  be  the  reflected  rays  meeting  each  other 
in  F ; this  will  be  the  middle  point  between  B and  C.  For  drawing  through  C the  perpen- 
dicular CH,  the  angles  DFIC  and  FHC,  being  the  angles  of  incidence  and  reflection,  will 
be  equal,  to  the  former  of  which  the  angle  HCF  is  equal,  as  alternate  ; and  therefore  the 
uianglc  CFH  is  ifofceles.  Wherefore  CF  and  FFI  are  equal ; but  if  we  fuppofe  BH  to 

vanifli, 
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vanifb,  FB  and  FH  are  a]fo  equal,  and  therefore  CF  is  equal  to  FB  ; that  is,  the  focal 
diftance  of  the  reflected  rays  is  the  middle  point  between  the  centre  and  the  furface.* 

Schol.  The  converfe  of  thefe  two  cafes  may  be  demonftrated  in  a fimilar  manner,  by 
making  the  incident  rays  the  refledted  ones. 

PROP.  LVI.  When  rays  fall  upon  any  fpherical  furface,  if  they 
diverge,  the  diftance  of  the  focus  of  the  reflected  rays  from  the  furface  is 
to  the  diftance  of  the  radiant  point  from  the  fame  (or,  if  they  converge, 
to  that  of  the  imaginary  focus  of  the  incident  rays)  as  the  diftance  of  the 
focus  of  the  refletfted  rays  from  the  centre  is  to  the  diftance  of  the  radiant 
point  (or  imaginary  focus  of  the  incident  rays)  from  the  fame. 

Cafe  i.  Of  diverging  rays  falling  upon  a convex  furface.  Let  RB,  RD,  reprefent  two 
diverging  rays  flowing  from  the  point  R as  from  a radiant,  and  falling  the  one  perpendicu- 
larly, the  other  obliquely,  on  the  convex  furface  BD,  whofe  centre  is  C.  Let  DE  be  the 
reflected  ray  of  the  incident  one  RD  ; produce  ED  to  F,  and  through  R draw  the  line  RH 
parallel  to  FE,  till  it  meets  CD  produced  in  H.  Then  will  the  angle  RHD  be  equal 
(El.  I.  29.)  to  EDH  the  angle  of  reflection,  and  therefore  equal  alfo  to  RDH,  which  is  the 
angle  of  incidence  ; wherefore  the  triangle  DRH  is  ifofceles,  and  confequently  DR  is  equal 
to  RH.  Now  the  lines  FD  and  RH  being  parallel,  (El.  VI.  2.)  FD  is  to  RH,  or  its  equal 
RD,  as  CF  to  CR  ; but  BD  vanifhing,  FD  and  RD  differ  not  from  FB  and  RB  ; wherefore 
FB  is  to  RB  alfo,  as  CF  to  CR  ; that  is,  the  diftance  of  the  focus  from  the  furface  is  to  the 
diftance  of  the  radiant  point  from  the  fame,  as  the  diftance  of  the  focus  from  the  centre  is  to 
the  diftance  of  the  radiant  from  thence; 

Cafe  2.  Of  converging  rays  falling  upon  a concave  furface.  Let  KD  and  CB  be  the 
converging  incident  rays,  having  their  imaginary  focus  in  the  point  R,  which  was  the  radiant 

in 

* It  is  here  obfervable,  that  the  farther  the  line  DH  is  taken  from  AB,  the  nearer  the  point  F falls  to  the  furface. 

For  the  farther  the  point  H recedes  from  B,  the  larger  the  triangle  CFH  will  become  ; and  confequently,  fince  it 
is  always  an  ifofceles  one,  and  the  bafe  CH,  being  the  radius,  is  every  where  of  the  fame  length,  the  equal  legs  CF 
and  FH  will  lengthen  ; but  CF  cannot  grow  longer  unlefs  the  point  F approach  towards  the  furface.  And  the 
farther  H is  removed  from  B,  the  farter  F approaches  to  it.  This  is  the  reafon,  that  whenever  parallel  rays  are 
confidcred,  as  refle&ed  from  a fpherical  furface,  the  diftance  of  the  oblique  ray  from  the  perpendicular  ray  is 
taken  fo  fmall  with  refpedt  to  the  focal  diftance  of  that  furface,  that  without  any  phy&cal  error,  it  may  be  fuppofed 
to  vanifh.  From  hence  it  follows,  tint  if  a number  of  parallel  rays,  as  AB,  CD,  EG,  &c.  fall  upon  a convex  fur- 
face, and  if  BA,  DK,  the  reflc&cd  rays  of  the  incident  ones  AB,  CD,  proceed  as  from  the  point  F,  thofe  of  the  in-  Plate  7. 
cident  ones  CD,  EG,  namely,  DK,  GL,  will  proceed  as  from  N,  thofe  of  the  incident  ones  EG,  HI,  as  from  O,  &e.  Fig.  3- 
becaufe  the  farther  the  incident  ones  CD,  EG,  &c.  arc  from  AB,  the  nearer  to  the  furface  are  the  points  F,/./,  in 
the  line  BF,  from  which  they  proceed  after  reflexion  ; fo  that  properly  the  foci  of  the  reflected  rays  BA,  DK, 

GL,  &c.  are  not  in  the  line  AB  produced,  hut  in  a curve  line  palling  through  the  points  F,  N,  O,  &c. 

The  fame  is  applicable  to  the  cafe  of  parallel  rays  rcfle&ed  from  a concave  furface,  as  exprefled  by  the  dotted 
lines  on  the  other  half  of  the  figure,  where  PQ_,  RS,  TV,  are  the  incident  fays;  QF,  Sy,  vy,  the  rcfltaflcd  ones  in- 
terfering each  other  in  the  points  X,  Y,  and  F;  fo  that  the  foci  of  thofe  rays  arc  not  in  the  line  FB,  but  in  a 
'turve  pafGng  through  thofe  points, 
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,in  the  foregoing  cafe.  Then  as  RD  was  in  that  cafe  reflected  into  DE,  KD  will  in  this  be 
reflected  into  DF  ; for,  flnce  the  angles  of  incidence  in  both  cafes  are  (El.  I.  15.)  equal,  the 
angles  of  reflection  will  be  fo  too  j fo  that  F will  be  the  focus  of  the  reflected  rays  : but  it 
was  there  demonftrated,  that  FB  is  to  RB  as  CF  to  CR,  that  is,  the  diftance  of  the  focus 
from  the  furface,  is  to  the  diftance  (in  this  cafe)  qf  the  imaginary  focus  of  the  incident  rays, 
as  the  diftance  of  the  focus  from  the  centre  is  to  the  diftance  of  the  imaginary  focus  of  the 
incident  rays  from  the  fame. 

Cafe  .3.  Cf  converging  rays  falling  upon  a convex  furface,  and  tending  to  a point  be- 
tween the  focus  of  parallel  rays  and  the  centre.  Let  BD  represent  a convex  furface, 
whofe  centre  is  C,  and  focus  of  parallel  rays  is  P ; and  let  AB,  KD,  be  two  converging 
ravs  incident  upon  it,  and  having  their  imaginary  focus  at  R,  a point  between  P and  C. 
Now  becaufe  KD  tends  to  a point  between  the  focus  of  parallel  rays  and  the  centre,  the 
refte&etl  ray  DE  will  diverge  from  fome  point  on  the  other  fide  the  centre,  fuppofe  F •,  a9 
was  (hewn  Prop.  LIII.  Through  D draw  the  perpendicular  CD,  and  produce  it  to  II, 
then  will  KDH  and  HDE  be  the  angles  of  incidence  and  reflection,  which  being  equal, 
their  verticlc  ones  RDC  and  CDF  will  be  fo  too,  and  therefore  the  vertex  of  the  triangle 
RDF  is  bife£ted  by  .the  line  DC  : whence  (El.  VI.  3.)  FD  and  DR,  or,  BD  van i thing, 
FB  and  BR  are  to  each  other  as  EC  to  CR  ; that  is,  the  diftance. of  the  focus  of  the  re- 
fected rays  is  to  that  of  the  imaginary  focus  of  the  incident  ones,  as  the  diftance  of  the 
former  from  the  centre  is  to  the  diftance  of  the  latter  from  the  .fame. 

Cafe  4.  Of  diverging  rays  falling  upon  a concave  furface,  and  proceeding  from  a point 
between  the  focus  of  parallel  rays  and  the  centre.  Let  RB,  RD,  be  the  diverging  rays 
incident  upon  the  concave  furface  JBD,  having  .their  radiant  in  the  point  R,  the  imaginary 
focus  of  tire  incident  rays  in  the  foregoing  cafe.  Then  as  KD  was  in  that  cafe  refledfed 
into  DE,  RD  will  now  be  reflected  into  DF.  But  it  was  there  demonftrated  that  FB  and 
RB  are  to  each  other  as  CF  to  CR  •,  that  is,  the  diftance  of  the  focus  is  to  that  of  the 
radiant,  as  the  diftance  of  the  former  from  die  centre  is  to  the  diftance  of  the  latter  from 
the  fame.* 

Scnoi..  1.  If  the  reflected  ray  be  made  the  incident  one,  thofe  cafes  which  are  refpcc- 
tively  the  converfe  of  the  foregoing  may  be  demonftrated  in  the  fame  manner. 

Schol. 

* In  the  cafe  of  diverging  rays  falling  upon  a convex  furface,  the  farther  the  point  D is  taken  from  B,  the 
nearer  the  point  F,  the  focus  of  the  reflected  rays,  approaches  to  B,  while  the  radiant  R remains  the  fame.  For 
it  is  evident  from  the  curvature  of  a circle,  that  the  point  D may  be  taken  fo  far  from  B,  that  the  reflected  ray 
DE  fliall  proceed  as  from  F,  G,  B,  or  even  from  B,  or  from  any  point  between  B and  R,  and  the  farther  it  is  taken 
from  B,  the  fatter  the  point,  from  which  it  proceeds,  approaches  towards  R.  The  like  is  applicable  to  any  of  the 
other  cafes  of  diverging  or  converging  rays  incident  upon  a fpherical  furface.  This  is  the  rcafon  that,  when  ray? 
are  confidcred  as  reflected  from  a fphcrical  furface,  the  diftance  of  the  oblique  rays  from  the  perpendicular  one  is 
taken  fo  fmall,  that  it  may  he  fuppofed  to  vanifh.  From  hence  it  follows,  that  if  a number  of  diverging  rays  are 
incident  upon  the  convex  furface  BD  at  the  fevera,!  joints  B,  D,  D,  &c.  they  fliall  not  proceed  after  reflection  as 
from  any  one  point  in  the  line  RB  produced,  but  as  from  a curve  line  pafling  through  thp  feveral  points  F,/,/,  &c, 
The  fame  is  applicable  in  all  the  other  cafes. 
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Schoi>.  2.  Let  it  be  required  to  find  the  focal  diflance  of  diverging  rays  incident  uyon 
n convex  furface,  whofe  radius  of  convexity  is  5 parts,  and  the  diflance  of  the  radiant  from 
the  furface  is  20. 

Call’ the-  focal  diflance  fought  x,  then  will  the  drftance  of  the  focu3  from  the  centre  be 

j rVj  and  that  of  the  radiant  from  the  fame  25  ; therefore  (by  Prop.  LVI.)  we  have  the 

following  proportion,  x : 20  : : 5- -x  : 25,  and 

If  in  anv  cafe  it  Ihould  happen,  that  the  value  of  x thould  be  a negative  quantity,  the* 
focal  point  mull’ then  be  taken  on  the  contrary  fide  of  the  furface. 

SECT.  II. — ^Images  produced  by  Reflection. 

PROP.  LVI I.  When  any  point  of  an  object  is  feen  by  reflected  light, 
it  appears  in  the  direction  of  that  line  which  the  ray  defcribes  after  its  laft 
reflection. 

Since  reflection  gives  the  fame  direction  to  the  rays  as  if  they  had  originally  come  from  the 
place  from  which'the  reflected  rays  diverge,  an  objeCt  feen  by  reflection  mull  appear  in  that 
place.  The  vifible  image  mull  therefore  confift  of  imaginary  radiants  diverging  from  thence. 

PROP.  LVI II.’  In  all  mirrors,  plane  of  fpheKcal,  the  place  of  the  im- 
aginary radiant,  when  it  is  determined,  is  the  interfeftion  of  the  perpendi- 
cular from  the  radiant  to  the  mirror,  and  any  reflected  ray. 

Let  D be  a radiant  in  any  objecl  DE,  and  DF  a ray  from  this  radian l reflected  in  the  line  pi'ate  y 
FC  5 draw  DI  the  perpendicular  from  the  radiant  to  the  mirror,  and  produce  CF,  DI,  .till  FiS-7« 
they  met  in  L •,  this  point'will  be  the  imaginary'  radiant.  Becaufe  the  ray  DI  falls  perpen- 
dicularly upon  the  rifirror,  it  will  be  reflected  back  in  the  fame  line  ID,  and  therefore  will 
-appear  to  come  from  fome  point  in  DI  produced.  And  finc'e  (from  Propl  LVII.)  all  rays 
which  diverge  from  the  fame  real  radiant  before  reflection,  mull  diverge  from  the  fame 
imaginary  radiant  after  reflection,  any  other  ray-  from  D,  as  FC,  mult  appear  to  diverge 
from  the  fame  imaginary  radiant  with  the  ray  DI,  that  is,  from  fome  point  in  DI  : but  the 
ray  FC  (by  Prop.  LVII.)  appears  after  reflection  to  proceed  in  the  line  FC  : It  mull  therefore 
appear  to  come  from  fome  point  in  FC,  and  alfo  from  fome  point  in  DI,  that  is,  from  the 
point  L,  in-  which  DI  interleCls  FC.  The  imaginary  radiant  of  the  rays  DI,  DF,  after 
reflection  is  therefore  L,  the  interfeCtion  of  the  perpendicular  and  the  reflected  ray. 

Def.  XXI.  The  paflage  of  reflection  is  the  incident  ray  added  to  the 
reflected  ray  : As  DF-f-FC. 

PROP.  LIX.  In  plane  mirrors,  the  diflance  of  the  laft  image  from 
the  mirror  is  equal  to  the  diflance  of  the  objedt  from  it,  and  the  diflance 
of  any  point  in  the  laft  image  from  the  eye  is  equal  to  the  palfage  of 
reflection,  te* 


200 

P>at£  7. 
l-'ig.  7, 


Plate  7. 
fi§.  7. 


Plate  7 
Fig.  10. 


OF  OPTICS.  Book  VI. 

The  diftances  of  the  imaginary  radiants  L,  M,  behind  the  mirror,  are  (by  Prop.  LIV.) 
refpedlively  equal  to  the  diftances  of  the  correfponding  real  radiants  D,  E,  before  the  mirror  j 
therefore  the  diftance  of  the  laft  image  L,  M,  made  up  of  imaginary  radiants  between  1* 
and  M,  correfponding  to  real  radiants  in  the  objed  DE,  is  equal  to  the  diftance  of  that 
objed.  The  diftance  of  L,  the  higheft  point  of  the  image,  from  C,  any  given  place  of  the 
eye,  is  CFL,  equal  to  DFC  the  paflage  of  reflexion,  becaufe  (by  Prop,  LIV.)  LF  is  equal  to 
IDF.  The  fame  may  be  Ihewn  of  M,  or  any  other  point  in  the  image. 

PROP.  LX.  Iii  plane  mirrors,  the  image  is  equal  and  fimilay  to  the 
object. 

If  D is  the  higheft  point  of  the  objed,  the  higheft  point  of  the  image  is  (by  Prop.  LVII.) 
in  the  perpendicular  D1L  ; and  if  E be  the  lowed  point  of  the  objed,  the  lowed;  point  of  the 
image  is  in  the  perpendicular  EZM.  But  DIL  and  EZM  are  parallel  (El.  XL  6.)  becaufe 
they  are  both  perpendicular  to  the  plane  furface  AB.  Confequently,  the  diftance  between 
ihefe  lines,  that  is,  the  heights  of  the  objed  and  image,  DE,  LM,  are  equal.  In  like  manner 
it  may  be  {hewn,  that  any  diameter  of  the  objed  is  equal  to  its  correfponding  diameter  in 
the  image  : whence  the  objed  and  image  are  in  all  refpeds  equal,  and  confequently  fimilar, 
furfaces. 

CHAP.  IV. 

Of  Vision. 

SECT.  1.— Of  the  Laws  of  Vision, 

PROP.  LXI.  When  the  rays  which  come  from  the  feveral  points  in 
any  objed  enter  the  eye,  they  will  ' paint  an  inverted  image  upon  the 
retina. 

Let  ABA  be  a fedion  of  an  eye.  AB,  BA,  is  the  tunica  fclerottca,  a white  coat  which 
encompafles  the  globe  of  the  eye,  except  the  fore-part  between  A and  A.  The  fore-part 
A A is  covered  by  a tranfparent  coat,  a little  more  protuberant  than  any  other  part  of  the 
eye  called  the  tunica  cortiea.  In  the  cavity  of  the  eye  is  placed  a convex  lens  C c,  confiding 
of  a hard  tranfparent  fubftance  called  the  chryjlalline  humour . This  humour  is  kept  in  its 
place  and  fixed  to  the  coats  by  certain  ligaments  all  around  it  at  ee  called  ligamenta  ciliaria. 
Under  the  tunica  cornea , and  at  fome  little  diftance  from,  it,  is  the  ins,  0 , 0 , which  has  iri  it  a 
fmall  orifice,  called  the  pupil  of  the  eye.  Thisjris  is  tinged  with  variety  of  colours,  from 
which  the  eye  is  faid  to  be  blue,  hazel,  black,  &c.  It  confifts  of  mufcular  fibres,  which  can 
contrad  or  dilate  the  pupil,  The  remaining  part  between  the  cornea  and  the  chryftalline 
humour  is  filled  with  a thin  tranfparent  fluid,  like  water,  called  the  aqueous  humour.  SfN,  is  a 
white  coat  which  confifts  of  the  fibres  of  the  optic  nerve  woven  together  like  a net : this  coat 
is  called  the  retina.  Between  the  fclerotica  and  the  retina  is  another  coat  which  is  called  the 
choroides.  The  cavity  of  the  eye,  between  the  chryftalline  humour  and  the  retina,  is  filled  with 
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a tranfparent  fubftance,  neither  fo  fluid  as  the  aqueous  humour  nor  fo  hard  as  the  chryftalline, 
called  the  •vitreous  humour.  The  optic  nerve  MBB  is  iaferted  at  N. 

Mr.  Harris  has  given  a table  of  the  dimenfions  of  the  parts  of  the  human  eye,  of  which  the 


following  are  the  principal  particulars. 

In. 

Diameter  from  the  cornea  to  the  choroides  - - - .95 

Radius  of  the  cornea  - - - .335 

Pittance  of  the  cornea  from  the  lirtt  furface  of  the  chryftalline  - .106 

Radius  of  the  firft  furface  of  the  chryftalline  - - - .331 

Radius  of  the  back  furface  of  the  chryftalline  .25 

Thicknefs  of  the  chryftalline  - - - .373 


Through  the  pupil  the  rays  which  diverge  from  the  feveral  points  of  anyobjedt  ABC  pafs  Fig.  it, 
into  the  cavity.  The  rays  firft  pafs  into  the  cornea  IK,  which  is  a menifeus  like  a watch 
glafs,  and  therefore  has  no  confiderable  efledt  upon  the  rays.  The  fore-part  of  the  aqueous 
humour  under  the  cornea  is  convex  ; and  therefore,  being  denfer  than  the  air,  it  will  make 
the  feveral  diverging  beams  from  ABC  (by  Prop.  XVII.)  diverge  lefs.  The  rays  then  pafs 
through  the  pupil  *,  and  next,  through  the  chryftalline  humour,  which,  being  a convex  lens, 
will  make  them  (by  Prop.  XVII.)  converge  to  as  many  points  upon  the  retina  LDF.  Confe- 
quently  at  DEF,  or  fomewhere  upon  the  retina,  as  upon  a piece  of  white  paper  in  a dark 
room,  an  inverted  image  of  the  objedt  (by  Prop.  XXV.)  will  be  painted. 

Schol.  The  refractive  powers  of  the  aqueous  and  vitreous  humours,  have  been  found  by- 
experiment  to  be  about  the  fame  as  common  water  5 and  that  of  the  chryftalline  is  a little 
greater  : that  is,  the  fine  of  incidence,  is  to  that  of  refradtion,  out  of  air  into  the  aqueous 
humour  as  4 to  3,  out  of  the  aqueous  into  the  chryftalline  as  13  to  12,  and  out  of  the  chryf- 
talline into  the  vitreous  as  12  to  13. 

Exp.  Take  off  the  fclcrotica  from  the  back  part  of  the  eye  of  an  ox,  or  other  animal,  and 
place  the  eye  in  the  hole  of  the  window  fhutter  of  a dark  room,  with  its  fore-part  towards  the 
external  objedls  ; a perfon  in  the  room  will,  through  the  tranfparent  coat,  fee  the  inverted 
image  painted  upon  the  retina. 

Def.  XXII.  The  optic  axis,  is  the  axis  of  the  chryftalline  humour  Plate?, 
continued  to  the  object  at  which  we  look.  The  axis  PO  of  the  chryftal-  1 £ xt‘ 
line  humour  GPH,  continued  to  the  point  B,  is  the  optic  axis  directed 
towards  that  point. 

Def.  XXIII.  That  point  of  the  retina^  upon  which  the  optic  axis 
continued  back  would  fall,  is  called  the  middle  of  the  retina.  If  OP  be 
continued  back  to  E,  the  point  E is  the  middle  of  the  retina. 

PROP.  LXII.  The  images  upon  the  retiia  are  the  caufe  of  vifion. 

It  is  found  from  experience,  that  when  the  image  upon  the  retina  is  bright,  the  objedl:  is 
clearly  feen  ; and  when  the  image  is  faint,  the  objedt  appears  faint : alfo,  that  when  the  image 
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is  diftindd,  the  objedd  is  feen  diftinddly ; and  when  the  image  is  confufed,  the  objedd  appears 
confufed.  Hence  it  may  be  concluded,  that  thefe  images  are  the  caufe  of  vifion. 

Cor.  It  is  manifeft  that  a different  conformation  of  the  eye,  or  fome  parts  of  the  eye,  is 
neceffary  for  diftindd  vifion  at  different  diftances.  Some  think  the  change  is  in  the  length  of 
the  eye  •,  others  that  it  is  a change  in  the  figure  or  pofition  of  the  chryftalline  humour,  and 
others  that  it  is  a change  in  the  cornea.  Any  of  thefe  changes  would  produce  the  effedd. 

PROP.  LXIII.  The  point  in  any  object  towards  which  the  optic  axis 
is  directed,  is  feen  more  diftinddly  than  the  reft. 

It  is  known  from  experience,  that  when  the  eye  is  turned  direddly  towards  any  part  of  ars 
objedd,  that  is,  when  the  optic  axis  is  diredded  towards  that  point,  though  the  whole  objedd, 
if  it  be  not  very  large,  will  be  feen,  that  part  on  which  we  look  direddly  will  appear  molt 
diflindt,  and  the  other  portions  of  the  objedt  being  drawn  on  parts  of  the  retina , fomewhat 
nearer  to  the  chryftalline  humour  than  the  middle  point  of  the  retina  will  appear  a little 
confufed. 

PROP.  LXIV.  Objects  appear  eredb,  although  their  images  on  the 
retina  are  inverted. 

This  is  known  by  experience,  and  is  not  inconfiftent  with  the  explanation  above  given  of 
vifion.  For  it  is  not  the  image  in  the  retina , but  the  objedd  itfelf,  which  we  fee,  and  we 
judge  of  its  relative  pofition,  by  moving  the  point  of  diftindd  vifion  along  the  objedd,  and 
determine  that  part  to  be  the  higheft  which  requires  the  eye  to  be  the  moft  lifted  up  in  order 
to  fee  it  diftinddly. 

PROP.  LXV,  An  object  may  appear  fingle,  although  it  is  feen  by 
both  eyes  at  once. 

If  both  eyes  are  turned  direddly  to  the  objedd  C,  that  is,  if  the  optic  axes  AC,  BC,  meet 
in  the  objedd,  it  will  appear  fingle.  But  if,  whilfl  one  eye  is  turned  towards  C,  the  corner 
of  the  other  is  prelfed  with  the  finger  fo  as  to  alter  the  pofition  of  its  optic  axis,  the  objedd 
will  then  appear  double.  For  when  one  eye  is  turned  towards  an  objedd,  and  the  other 
turned  a different  way,  the  fame  objedt  will  be  feen  by  each  eye  in  a different  direddion  •,  that 
is,  one  eye  will  fee  it  in  one  place,  and  the  other  in  another,  from  whence  it  muft  appear 
double.  But,  if  both  eyes  are  diredded  the  fame  way,  that  is,  to  the  place  of  the  objedd, 
though  two  objedds  may  be  faid  to  be  feen,  yet  as  both  of  them  are  alike,  and  feen  in  the 
fame  place,  they  will  appear  but  as  one.  If  whilft  both  eyes  are  diredded  towards  C,  another 
objedd  D be  placed  at  fome  confiderable  diftance  direddly  beyond  it,  the  objedd  D will  appear 
double  j for  fince  the  eyes  fee  the  objedd  D without  being  turned  direddly  towards  it,  the 
place  of  D is  indeterminate  ; to  the  right  eye  it  appears  on  the  right  hand  of  C,  and  to  the 
left  eye  on  the  left  of  C,  that  is,  being  feen  in  two  places,  it  muft  appear  double.  If  the 
fight  be  diredded  to  the  farther  objedd  D,  the  nearer  objedd  C will  appear  double.  For,  the 
objedd  C is  feen  by  the  right  eye  in  the  direddion  of  a line  which  paffes  on  the  left  fide  of  D, 
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and  by  the  left  eye  in  the  diredtion  of  a line  which  pafies  on  the  right  of  D.  In  both  cafes, 
one  of  the  objedts  appears  double,  when  the  eyes  are  not  diredtly  fixed  upon  it,  that  is, 
when  the  optic  axes  do  not  meet  in  it  ; and  the  other  objedt  appears  fingle,  when  the  eyes 
are  both  diredtly  fixed  upon  it,  that  is,  when  the  optic  axes  meet  in  the  objedt. 

Exp.  i.  View  a nearer  and  a more  diftant  objedt  at  the  fame  time,  according  to  the 
propofition, 

2.  Eet  a pafteboard,  having  a hole  in  it,  be  fixed  between  the  eyes  of  a fpedtator  and. 
two  candles,  fo  placed,  that  when  the  right  eye  is  (hut,  the  left  eye  may  fee  only  one  candle, 
and  when  the  left  eye  is  {hut,  the  right  eye  can  fee  only  the  other,  although  both  candles  are 
vifible  ; if  both  eyes  be  fixed  fteadfaftly  upon  the  hole,  they  will  appear  as  one  candle  placed 
at  the  hole. 

PROP.  LXVI.  There  is  one  part  of  the  retina  where  no  perception 
of  the  objedt  is  conveyed  to  the  mind  by  the  image  formed  upon  it. 

This  is  found  by  experiment.  Place  two  fmall  circles  of  white  paper  upon  a dark  coloured 
wall  at  the  height  of  the  eye,  and  at  the  diftance  of  near  two  feet  from  each  other.  If  the 
fpedtator,  at  a proper  diftance,  fhuts  his  right  eye  and  looks  with  the  left  diredtly  at  the  paper 
on  his  right  hand,  he  will  not  fee  the  left  hand  paper,  although  the  objedts  round  it  are  vifible. 

Hence  it  is  to  be  inferred,  that  the  rays  from  the  left  hand  paper  fall  upon  a part  of  the  retina 
which  is  infenfible, 

Schol.  It  is  fuppofed  that  this  part  of  the  retina  is  that  where  the  opic  nerve  is  inferted  : 
and  becaufe  the  coat  called  the  choroides  touches  the  retina  in  all  other  parts  but  is  difeon- 
tinued  here,  it  has  been  conjedtured  that  the  feat  of  vifion  is  not  the  optic  nerve,  but  the 
choroides  ; but  this  point  remains  undetermined. 

Cor.  Hence  an  objedt  cannot  become  invifible  to  both  eyes  at  once  ; becaufe  the  image 
cannot  fall  upon  the  optic  nerve  of  each  eye  at  the  fame  time.  An  objedt  feen  with  both  eyes, 
is  faid  to  appear  about  or  T\  brighter  than  with  one  eye  alone.  Harris’s  Optics,  p.  116. 

PROP.  LXVII.  If  the  chryftalline  humour  has  either  too  much  or 
too  little  convexity,  the  fight  will  be  defedive. 

In  perfons  who  are  fiiort-fighted,  the  humours  of  the  eye  are  too  convex,  and  bring  the 
rays  to  a focus  before  they  reach  the  retina,  unlefs  the  objedt  be  brought  near  to  it  ; in  which 
cafe  (by  Prop.  XXVII.)  the  image  is  caft  farther  back.  In  others,  the  humours  of  the  eye 
have  fo  little  convexity,  that  the  focal  point  lies  behind  the  retina  ; whence,  unlefs  the  objedt 
is  removed  to  a great  diftance  from  the  eye,  the  Yifion  will  be  indiftindt. 

Def.  XXIV,  The  optic  angle  in  viewing  any  objed  is  the  angle  at  plate 7. 
the  eye  fubtended  by  the  diameter  of  the  objed.  The  angle  AOC,  fub-  F’s' 
tended  by  AC,  the  diameter  of  the  objed,  is  the  optic  angle. 
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PROP.  LXVIII.  The  apparent  diameter  of  any  object,  is  proportional 
to  the  diameter  of  the  image  of  that  objedt  in  the  retina. 

To  an  eye  placed  at  O,  the  apparent  magnitude  of  the  object  ABC  is  that  vifible  extent 
fion  which  lies  between  A and  C.  If  two  lines  AO,  CO,  are  drawn  from  thefe  points 
eroding  one  another  at  the  eye,  they  will  be  the  axes  of  the  pencils  which  come  from  A 
and  C,  and  will  contain  between  them  the  diameter  AC  ; and  the  points  A,  C,  will  be 
reprefented  on  the  retina  (by  Prop.  LXI.)  at  F and  D : confequently,  DF  will  be  the 
diameter  of  the  image  ; and  this  diameter  is  contained  between  the  two  lines  AO,  CO, 
produced  to  the  retina.  Now  it  is  manifeft,  that  the  vifible  extenfion  contained  between 
AO  and  CO,  that  is,  the  apparent  diameter  of  the  objedl  is  as  the  angle  AOC  ; and  that 
the  diameter  of  the  image  contained  between  DO  and  FO  is  as  the  angle  DOF.  But  the 
angles  DOF,  AOC,  (El.  I.  15.)  are  equal.  Therefore  the  apparent  diameter  of  the  objedf, 
and  the  diameter  of  the  image,  are  each  of  them  proportional  to  the  fame  angle,  and  confe-- 
quently  proportional  to  one  another. 

Schol.  1.  When  we  fpeak  of  an  optic  angle,  it  is  not  meant  that  we  fee  the  point  in 
which  the  optic  axes  meet;  but,  fince  by  experience  we  learn  to  judge  of  fuch  diftances  as 
are  not  very  great,  by  the  fenfations  accompanying  the  different  inclinations  of  the  eye, 
which  are  analogous  to  the  optic  angle,  we  exprels  thefe  different  inclinations  of  the  eye,  by 
that  angle.  In  like  manner,  although  the  eye  does  not  fee  a pencil  of  rays,  whilft  the 
breadth  of  the  pupil  bears  a fenfible  proportion  to  the  diffance  of  the  focus  from  which  the 
rays  diverge  to  the  eye,  we  have  fenfations  from  which  experience  enables  us  to  judge  of  the 
place  of  that  focus.  So,  the  magnitude  of  an  image  upon  the  retina  being  always  propor- 
tional to  that  of  the  vifual  angle  of  the  objedl,  though  that  angle  is  not  adfually  meafured  by 
the  eye,  the  difference  of  fenfations  accompanying  different  magnitudes  of  the  image  enable 
us  to  diftinguifh  different  vifual  angles.  Thus  it  appears,  that  the  ufe  of  lines  and  angles  in 
optics,  has  its  foundation  in  nature. 

Schol.  2.  The  angle  fubtended  by  the  lead  vifible  object,  called  by  the  writers  on  optics 
the  minimum  vifibile , cannot  be  accurately  afeertained,  as  it  depends  upon  the  colour  of  the 
objett,  and  the  ground  upon  which  it  is  feen  ; it  depends  alfo  upon  the  eye.  Mr.  Harris 
thinks  the  leaft  angle  for  any  objedt  to  be  about  40"  ; and  at  a medium  not  lefs  than  two 
minutes. 

To  the  generality  of  eyes  the  neareft  diffance  of  diftindd  vifion  is  about  7 or  8 inches. 
Taking  8 inches  for  that  diffance,  and  2 minutes  for  the  leaft  vifible  angle,  a globular  object 
of  lefs  than  T^-g  part  of  an  inch  cannot  be  feen.  Harris’s  Optics,  p.  120 — 4. 

PROP.  LXIX.  When  the  diameter  of  an  objedt  is  given,  its  apparent 
diameter  is  inverfely  as  its  diftance  from  the  eye. 

The  apparent  diameter  of  an  objedt  (Prop.  LXVIII.)  is  as  the  diameter  of  its  image  upon 
the  retina  : and  (Prop.  XXXI.)  the  diameter  of  the  image,  when  the  objedt  is  given,  is  in- 
verfely as  the  diftance  of  the  objedt.  Therefore  the  apparent  diameter  of  the  object  is  alfo 
inverfely  as  the  diffance  of  the  objedt.  The  fame  may  be  proved  of  any  apparent  length 
whatfoever.  ^0R' 
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Cor.  i.  Hence  the  apparent  diameter  of  an  objedt  may  be  magnified  in  any  proportion  \ 
for  the  lefs  the  diftance  of  the  eye  from  the  objedt,  the  greater  will  be  its  apparent  diameter, 

But  without  the  help  of  glafies,  an  objedt  brought  nearer  the  eye  than  about  five  inches, 
though  it  appears  larger,  will  at  the  fame  time  be  feen  confufedly. 

Cor.  2.  Hence  parallel  lines,  as  the  Tides  of  a long  room,  or  two  rows  of  trees,  as  ABC,  piate  7< 
DEF,  feen  obliquely,  appear  to  converge  more  and  more,  as  they  are  farther  extended  from  FiS- 15< 
the  eye  : for  the  apparent  magnitude  of  their  perpendicular  intervals,  as  AD,  BE,  CF,  &c.  are 
perpetually  diminifhed. 

Cor.  3.  An  horizontal  plane  AI  feems  to  afcend.  For  the  vifual  rays  cut  a perpendicu- 
lar DR  to  the  horizon,  in  points  that  are  higher  and  higher,  or  nearer  to  the  horizontal  line 
OG,  according  as  they  proceed  from  points  in  AI  that  are  more  remote  from  A. 

Cor.  4.  It  is  for  a like  reafon  that  a ceiling  DH  appears  to  defcend,  and  that  fafler  than 
the  floor  afcends,  as  the  diftance  of  the  eye  of  the  fpedtator  to  the  ceiling  is  greater  than  the 
diftance  of  the  eye  from  the  floor. 

PROP.  LXX.  The  apparent  diameter  of  an  objed,  whofe  diftance  is 
given,  is  diredly  as  its  real  diameter. 

The  apparent  diameter  of  an  objedt  (by  Prop.  LXVIII.)  is  as  the  diameter  of  its  image  : 
and  the  diameter  of  the  image  (by  Prop.  XXXIII.)  when  the  diftance  of  the  objedt  is  given, 
is  as  the  diameter  of  the  objedt.  Therefore  the  apparent  diameter  of  an  objedt  whofe  dif- 
tance is  given,  is  as  its  real  diameter. 

PROP.  LXXI.  The  apparent  diameters  of  different  objeds  at  differ- 
ent diftances  from  the  eye  will  be  equal,  if  their  real  diameters  are  as  their 
diftances. 

For  (by  Prop.  XXXIV.)  the  diameters  of  their  refpedtive  images  upon  the  retina  will  be 
equal;  and  their  apparent  diameters  (by  Prop.  LXVIII.)  are  as  the  diameters  of  their 
images. 

PROP.  LXXII.  The  apparent  length  of  an  objed  feen  obliquely,  is: 
as  the  apparent  length  of  a fubtenfe  of  the  optic  angle  perpendicular  to 
the  optic  axis. 

If  DF  is  an  objedt:  feen  obliquely,  and  DG  an  objedt:  feen  dircdtly,  that  is,  if  DF  is  Plate  7, 
oblique,  and  DG  perpendicular  to  the  optic  axis  OR,  then  fuppofing  them  to  fubtend  FiS- I3’ 
the  fame  angle  DOF,  their  images  upon  the  retina  (Def.  XXIV.)  will  be  equal,  whence 
(by  Prop.  LXVIII.)  their  apparent  diameters  will  be  equal.  Confequently,  the  greater  the 
fubtenfe  GD  is,  the  greater  will  be  the  apparent  length  of  the  objed  DF  j and  the  reverfe. 

Cor,  Hence  an  objedt  appears,  fbortened  by  being  feen  obliquely, 
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PROP.  LXXIII.  When  equal  objects  are  feen  obliquely,  their  appar- 
ent lengths  are  inverfely  as  the  fquares  of  their  diftances  from  the  eye. 

Let  the  eye  be  at  O ; and  in  the  line  BC  at  different  diftances  from  the  eye  take  equal 
fpaces  DF,  df  The  apparent  length  of  DF  (by  Prop.  LXX1I.)  is  proportional  to  the  apparent 
length  of  GD,  the  fubtenfe  of  the  optic  angle  DOF,  perpendicular  to  the  optic  axis  OR.  In 
like  manner,  the  apparent  length  of  df  is  proportional  to  that  of  gd,  the  fubtenfe  of  dOf.  Now 
GD,  gd,  are  fubtenfes  alfo  of  the  angles  GFD,  gfd : and  as  the  fide  Of  is  to  the  fide  OF,  fo  is 
the  fine  of  the  angle  OF f,  that  is,  of  its  fupplement  OFB,  to  the  fine  of  the  angle  O/'F,  or  Of  B. 
Hence,  fince  fmall  angles  are  to  one  another  nearly  as  their  fines,  if  thefe  are  fmall  angles,  Of 
will  be  to  OF  as  the  angle  OFB  to  the  angle  OfB  ; that  is,  Of  will  be  to  OF,  as  the  fubtenfe 
GD  to  the  fubtenfe  gd,  or  GD  is  to  gd  inverfely  as  OF  to  Of ; that  is,  the  fubtenfes  of  the 
optic  angles,  and  confequently,  from  what  has  been  fhewn,  the  apparent  diameters  DF,  df,  are 
inverfely  as  their  diftances  from  the  eye.  This  proportion  arifes  from  the  different  degrees  of 
obliquity  at  which  the  eye  fees  the  equal  fpaces  DF,  df  But,  if  their  obliquities  with  refpedt 
to  the  eye  were  the  fame,  the  apparent  length  of  DF  (by  Prop.  LXIX.)  would  be  to  that  of  df 
inverfely  as  their  diftances.  Since  then  the  apparent  lengths  of  Df,  df,  are  inverfely  as  their 
diftances  on  account  of  their  different  obliquities,  and  alfo  inverfely  as  their  diftances  on  ac- 
count of  their  different  diftances  •,  on  both  accounts  taken  together,  they  are  in  the  ratio  com- 
pounded of  the  inverfe  ratio  of  their  diftances,  and  the  fame,  that  is,  inverfely  as  the  fquares  of 
their  diftances. 

PROP.  LXXIV.  The  apparent  diameter  of  an  objedt  is  not  changed 
by  contradting  or  dilating  the  pupil. 

For  when  the  diftance  is  given,  the  diameter  of  the  image  (by  Prop.  XXXVI.  Schol.  2.)  re- 
mains the  fame  whatever  be  the  area  of  the  pupil,  and  ponfequently  (by  Prop.  XXXIII.)  the 
apparent  diameter  of  the  objedt. 

PROP.  LXXV.  An  objedt  appears  larger  when  it  is  feen  confufedly, 
than  when  it  is  feen  diftindtly. 

For  the  confufed  image  (by  Prop.  XXIX.)  is  larger  than  the  diftindl  image,  and  confe- 
quently (by  Prop.  LXVIII.)  the  apparent  magnitude  of  the  objedt  is  greater  when  it  is  feen 
confufedly  than  when  it  is  feen  diftindtly. 

Cor.  Hence  objedts  appear  magnified  when  feen  through  a mift  ; the  drops  of  which 
refradt  the  rays  fo  differently,  that  they  cannot  be  collected  into  one  focus. 

PROP.  LXXVI.  A fpedtator  in  motion  fees  an  .objedt  at  reft,  moving 
the  contrary  way. 

If  while  an  objedt  at  P is  at  reft,  the  eye  be  carried  parallel  to  PQ^in  the  diredtion  from 

O towards  P,  its  image  on  the  retina  will  move  from  t>  to  q ; the  fame  effedt  will  be  pro- 
* 1 duced, 
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duced,  if  the  object  moves  from  P towards  Q^;  and  if  the  velocity  of  the  obje&  and  the 
eye,  in  each  cafe,  be  the  fame,  the  apparent  velocity  will  be  the  fame  alfo. 

Cor.  1.  An  objedt  moving  along  a line  PK  will  appear  at  reft  to  a fpe&ator  moving 
along  the  line  QG,  parallel  to  PK  : if  the  motion  of  the  obje£t  be  quicker  or  flower  than 
that  of  the  fpe&ator,  it  will  have  an  apparent  motion  dirett  or  retrograde  : if  the  two 
motions  are  in  contrary  directions*  the  apparent  motion  of  the  objeCt  will  vary  with  the  real 
motion  of  the  fpedtator. 

Cor.  2.  If  the  earth  be  fuppofed  to  move  round  its  axis  from  weft  to  eaft,  while  the 
heavenly  bodies  are  at  reft,  they  appear  to  us  to  move  the  contrary  way,  there  being  nothing 
in  this  cafe  to  indicate  to  us  our  own  motions.  And  therefore  no  argument  drawn  from 
the  apparent  diurnal  motions  of  the  ftars  arid  planets  can  be  of  any  fupport  to  either  the 
Ptolemaic  or  Pythagorean  fyftems. 

Schol.  A perfon  tiding,  or  walking  flowly,  though  he  perceives  the  change  of  fituation 
of  adjacent  bodies,  yet  being  fenfible  of  his  own  motion,  and  having  time  to  refieCl  in  the 
intervals  of  thefe  apparent  changes,  thofe  bodies  appear  to  keep  their  places.  But  if  he 
runs  or  rides  very  fwiftly,  he  cannot  help  fancying,  that  the  bodies,  which  he  is  looking  at, 
are  moving  towards  him.  The  deception  is  ftill  ftronger  when  he  fits  at  his  eafe  in  a fwift 
failing  veflel. 

PROP.  LXXVII.  The  fame  degree  of  velocity  appears  greateft,  when, 
the  motion  is  in  a line  perpendicular  to  the  optic  axis ; and  when  the 
motion  is  in  other  directions,  the  apparent  velocity  will  be  as  the  cofine  of 
the  angle  of  inclination  to  the  faid  perpendicular* 

If  two  bodies  fet  out  at  the  fame  time  from  P,  the  one  moving  along  the  line  PQ^,  per-  Plate  7/ 
pendicular  to  the  optic  axis  Qjj>  and  the  other  along  the  line  PS,  oblique  to  it,  and  if  their  F‘s'  14,1 
velocities  be  fuch,  as  to  pafs  over  the  lines  PQ^,  PS,  in  the  fame  time,  it  is  manifeft,  that 
their  apparent  velocities  will  be  the  fame  ; for  the  images  of  each  will  pafs  over  the  fame 
fpace  pq , on  the  retina , in  the  fame  time.  The  real  velocities  being,  in  this  cafe,  as  PQ^ 
to  PS,  it  is  manifeft,  that  when  the  velocities  are  equal,  the  apparent  velocity  of  the  body 
which  moves  in  PQ^  is  to  that  of  the  body  moving  in  PS,  as  PS  to  PQ^,  that  is,  as  radius 
to  the  cofine  of  the  angle  QPS  : but  PS  is  always  greater  than  PQ^:  whence  the  propofi- 
tion  is  manifeft. 

PROP.  LXXVIII.  If  objeCts  at  different  diftances  from  the  eye,  move 
in  parallel  lines,  nearly  at  right  angles  to  the  optic  axis,  and  if  their  veloc- 
ities are  proportional  to  thefe  diftances,  their  apparent  velocities  will  be 
equal ; and  if  their  real  velocities  are  equal,  their  apparent  velocities  will 
be  reciprocally  as  their  diftances  from  the  eye. 
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Let  an  object  move  from  Q^to  P,  in  the  fame  time  that  another  moves  from  G to  H, 
their  real  velocities  are  as  QP  to  GH,  that  is,  (El.  VI.  a.)  as  QO  to  GO,  the  diftances  from 
the  eye  ; and  their  apparent  velocities  will  be  equal ; for  the  fpace  qp  upon  the  rethm  will 
be  palled  over  in  the  fame  time  by  the  image  of  each.  If  the  velocities  of  the  objects 
G,  Q^,  be  equal,  the  object  G will  arrive  at  K,  and  its  image  defcribe  the  fpace  qk  upon 
the  retina , in  the  fame  time  that  the  image  of  the  objeCt  Q^defcribes  the  fpace  qp  ; whenqe 
the  apparent  velocities  of  thefe  two  objects  are  as  qk  and  qp , or  as  GK  (or  QP)  and  GH  j 
that  is,  (El.  VI.  2.)  the  apparent  velocity  of  the  object  G is  to  that  of  Q^,  as  QO  to  OG. 

Schol.  It  is  here  fuppofed,  that;  the  fpeCtator  makes  no  allowance  for  the  different 
alliances. 


PROP.  LXXIX.  The  apparent  velocities  of  bodies  moving  in  parallel 
lines  at  different  diftances  from  the  eye,  are  diredtly  as  the  real  velocities, 
and  reciprocally  as  the  diftances. 


Let  two  bodies  move  from  Q^,  G,  in  the  parallel  lines  QP,  GH  ; let  the  velocity  of  the 
objeCt  Q_  be  called  V,  and  that  of  G,  v ; and  let  their  apparent  velocities  be  called  A,  a. 
If  the  two  objeCts  be  conceived  to  move  in  the  fame  line  GK,  whatever  be  their  velocities, 
V : v : : A : a ; and  fuppofing  the  velocity  of  the  objeCt  Q^,  to  be  the  fame  in  QP  as 
before  in  GK,  A in  QP  : A in  GK  : : GO  : QO,  by  Prop.  LXXVIII.  and  A in  GK  : 
a : : V : v j whence,  compounding  thefe  ratios,  A : a : : GO  X V:  QO  X v>  that  is* 

V v 

? : QO  : GO" 

Schol.  t.  We  judge  of  the  diftance  of  any  objeCt  by  the  vifible  length  of  the  plane 
which  lies  between  the  eye  and  the  object.  When  this  method  fails  us,  we  compare  the 
known  magnitude  of  the  objeCt,  with  its  prefent  apparent  magnitude  ; or  we  compare  the 
degrees  of  diftinCtnefs  with  which  we  fee  the  feveral  parts  of  an  objeCt ; or  we  obferve 
whether  the  change  of  the  apparent  place  of  an  objeCt  when  viewed  from  different  flations, 
or  its  parallax , be  great  or  fmall,  this  change  being  always  in  proportion  to  the  diftance  of 
the  objeCt.  On  this  principle,  we  may  judge  of  the  diftance  of  a near  objeCt  by  obferving 
the  change  which  is  made  in  its  apparent  fituation,  upon  viewing  it  fucceflively,  with  each 
eye  fingly.  Or,  fince  it  is  the  difference  of  the  apparent  place  of  an  objeCt,  as  viewed  by 
each  eye  feparately,  which  makes  an  objeCt  to  be  feen  double  unlefs  we  turn  both  eyes 
direCtly  towards  it,  and  fince  in  doing  this,  where  the  diftance  is  very  fmall,  we  turn  the 
eyes  very  much  towards  each  other,  and  lefs  at  a greater  diftance ; the  different  fenfations 
accompanying  the  different  degrees  in  which  the  eyes  are  turned  towards  each  other,  afford, 
by  habit,  a rule  forjudging  of  the  diftance  of  objeCts. 


Schol.  7.  In  objeCts  placed  at  fuch  diftances  as  we  are  ufed  to,  and  can  readily  allow 
for,  we  know  by  experience  how  much  an  increafe  of  diftance  will  diminifh  their  apparent 
magnitude , and  therefore  inftantly  conceive  their  real  magnitude,  and,  negleCting  the  appar- 
ent, fuppofe  them  of  the  fize  they  would  appear  if  they  were  lefs  remote  ; but  this  can  only 
be  done,  where  we  are  well  acquainted  with  the  real  magnitude  of  the  objeCt  ; in  all  other 
cafes,  we  judge  of  magnitudes  by  the  angle  which  the  objeCt  fubtends  at  the  known,  or 
luppofed,  diftance,  that  is,  we  infer  the  real  magnitude  from  the  apparent  magnitude  in 
comparifon  with  the  diftance  of  the  objeCt.  SEC1. 


Chap.  IV. 


OF  VISION. 


2Q<) 


SECT.  II. — Of  Vision  as  ajfcElcd  by  Refraction. 

PROP.  LXXX.  When  any  fmall  object  is  feen  through  a refracting 
medium,  it  appears  in  the  direction  of  that  line  which  the  rays  defcribe 
after  their  laft  refraction. 

The  ray  DE  from  any  fmall  objeCt  D,  in  palling  through  a glafs  prifm,  the  end  of  which 
is  ACB,  will  be  refraCted  towards  a perpendicular,  and  will  defcribe  the  line  EF  -,  and  when 
it  goes  out  of  the  prifm,  it  will  be  refraCted  from  a perpendicular,  into  the  line  FG,  which  is 
its  direction  after  its  laft  refraClion ; and  the  objsCt  U will  be  feen  in  this  direction  at  L in- 
ftead  of  D.  For  the  image  in  the  retina  will  be  in  the  place  in  which  it  would  have  been,  if 
the  naked  eye  had  been  looking  at  an  objeCt  really  placed  at  L,  in  the  laft  direction  of  the  rays. 

Cor.  Hence  an  objeCt  feen  through  a glafs  cut  into  different  furfaces  inclined  to  one 
another,  will  appear  at  one  view  in  many  different  places.  The  objeCt  A feen  from  the 
point  F through  the  glafs  CEDI3,  will  appear  at  H,  A,  G •,  the  laft  direction  of  the  rays 
AC,  AD,  AB,  after  refraction, 

Exp.  View  any  objeCt  through  a multiplying  glafs. 

Schol.  If  a hair  be  placed  acrofs  a fmall  hole  made  in  a thin  board,  and  an  eye,  fituated 
in  the  dark,  look  through  the  hole  at  a number  of  candles,  the  hair  will  appear  multiplied  : 
for  a fhadow  of  the  hair  is  caft  upon  the  eye  by  each  of  the  candles. 

PROP.  LXXXI.  An  object  feen  through  a medium  terminated  by 
plain  and  parallel  furfaces,  appears  nearer,  brighter,  and  larger,  than 
with  the  naked  eye. 

Let  AB  reprefent  the  objeCt,  CDEF  the  medium,  and  GH  the  pupil  of  an  eye.  Let 
RK,  RL,  be  two  rays  proceeding  from  the  point  R,  and  entering  the  denfer  medium  at  K 
and  I.  i thefe  rays  will  here  by  refraCtion  be  made  to  diverge  lefs  (by  Prop.  XVII.)  and  to 
proceed  afterwards,  fuppofe  in  the  lines  K«,  L b ; at  a and  b,  where  they  pafs  out  of  the 
denfer  medium,  they  will  be  as  much  refraCted  the  contrary  way,  proceeding  in  the  lines  cc, 
Id , parallel  to  their  firft  directions-,  (by  Prop.  XI.)  produce  thefe  lines  back  till  they  meet 
in  e,  this  will  be  the  apparent  place  of  the  point  R,  and  it  is  evident  from  the  figure,  that 
it  muft  be  nearer  the  eye  than  that  point  •,  and  becaufe  the  fame  is  true  of  all  other  pencils 
flowing  from  the  objeCt  AB,  the  whole  will  be  feen  in  the  fituationy(g-,  nearer  to  the  eye 
than  the  line  AB.  As  the  rays  RK,  RL,  would  not  have  entered  the  eye,  but  have  palled 
by  it  in  the  directions  Kr,  Lt,  had  they  not  been  refraCted  in  pafTing  through  the  medium, 
the  objeCt  appears  brighter.  The  rays  Ah,  B/,  will  be  refraCted  at  h and  i into  the  lefs  con- 
verging lines  hk,  il , and  at  the  other  furface  into  IM,  /M,  parallel  to  Ah  and  B i produced, 
(by  Prop.  XI.)  fo  that  the  extremities  of  the  objeCt  will  appear  in  the  lines  Ml,  M/,  produced, 
namely,  in / and  g,  and  under  as  large  an  angle /Mg,  as  the  angle  AyB,  under  which  an  eye  at 
q would  have  feen  it,  had  there  been  no  medium  interpofed  to  refraCt  the  rays ; and  therefore 
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it  appears  larger  to  tire  eye  at  GH,  being  feen  through  the  interpofed  medium,  than  otherwife 
it  would  have  done.  But  it  is  here  to  be  obferved,  that  the  nearer  the  point  e appears  to  the 
eye  on  account  of  the  refra&ion  of  the  rays  RK,  RL,  the  fhorter  is  the  image fg,  becaufe  it  is 
terminated  by  the  lines  M/'  and  Mg,  upon  which  account  the  objeCt  is  made  to  appear  lefs  j 
and  therefore  the  apparent  magnitude  of  an  objeCt  is  not  much  augmented  by  being  feen 
through  a medium  of  this  form. 

Farther,  it  is  apparent  from  the  figure,  that  the  effeCt  of  a medium  of  this  form  depends 
wholly  upon  its-  thicknefs  : for  the  diftance  between  the  lines  Rr  and  ec,  and  confequently 
the  diftance  between  the  points  e and  R depends  upon  the  length  of  the  line  IC a : again,  the 
diftance  between  the  lines  AM  andyM,  depends  on  the  length  of  the  line  hk  ; but  both  K a 
and  hk  depend  on  the  diftance  between  the  furfaces  CE  and  DF,  and  therefore  the  effect  of 
this  medium  depends  upon  its  thicknefs. 

PROP.  LXXXII.  In  viewing  objects  through  a convex  or  concave 
lens,  the  object  itfelf  is  not  feen,  but  its  laft  image,  confifting  of  all  the 
imaginary  radiants  from  which  the  rays  appear  to  diverge  after  the  laft 
refraction. 

If  AC  be  an  object  nearer  the  convex  lens  GIL  than  its  principal  focus,  the  rays  which 
diverge  from  any  point  B in  this  object,  will,  in  pafiing  through  the  lens  (by  Prop.  XVII.)  be 
made  to  diverge  lefs,  and  the  imaginary  radiant  (by  Prop.  VI.)  will  be  more  diftant  than  the 
real  one.  Hence  the  rays  BG,  BL,  after  refraction,  will  appear  to  diverge  from  the  radiant 
E,  farther  from  the  lens  than  the  real  radiant  B.  The  fame  happening  to  the  rays  from  every 
other  point  of  the  objedt,  there  will  be  in  DEF  as  many  imaginary  radiants  as  there  are  real 
radiants  in  the  objedt  ABC,  which,  taken  together,  will  compote  the  laft  image.  And  fince 
all  the  rays  fall  upon  the  eye  as  if  they  had  diverged  from  this  laft  image,  the  eye  will  be 
afFedted  by  the  objedt  ABC  in  the  fame  manner  in  which  it  would  be  affedted  without  the 
lens,  by  an  objedt  in  all  refpedts  like  DEF,  that  is,  the  eye  perceives  the  laft  image. 

PROP.  LXXXIII.  An  object  feen  through  a convex  or  concave  lens 
will  appear  eredt,  if  the  objedt  and  its  image  are  on  the  fame  fide  of  the 
lens,  but  inverted,  if  they  are  on  contrary  fides. 

It  appears  from  the  laft  Prop,  that  all  the  rays  which  diverge  from  B before  refra&ion, 
will  appear  to  diverge  from  E after  refradtion  : and  the  like  may  be  faid  of  any  other  points, 
A and  D,  or  C and  F.  Now  A I is  the  axis  of  the  beam  which  comes  from  A,  and  there- 
fore, with  the  reft  of  the  rays  of  the  beam,  after  refraction,  will  appear  to  diverge  from  the 
point  D in  the  fame  right  line  with  A.  The  fame  may  be  (hewn  of  FCI.  Now  thefe  right 
lines  only  crofs  one  another  at  the  lens.  Confequently,  the  higheft  point  both  of  the  objedt 
and  image  is  in  DI  the  upper  fide  of  the  angle  DIF,  and  the  loweft  points  of  both  in  FI,  the 
lower  fide  of  the  fame  angle  ; that  is,  the  image,  which  is  vifible,  is  eredt,  or  in  the  fame 
pofition  with  the  object. 
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If  the  object  ABC  is  more  remote  than  the  principal  focus  of  the  convex  lens  E,  there 
will  be  (by  Prop.  XXIV.)  a diltinCt  image  formed  on  the  other  fide  of  the  lens.  If  the 
rays  thus  collected  are  not  received  upon  a plane  furface,  they  will  proceed  ftraight  for- 
wards ; thofe  which  had  converged  diverging  from  the  focus  •,  whence  an  inverted  image 
will  be  prefented  to  an  eye  placed  beyond  the  focus. — In  the  fame  manner  this,  and  the 
preceding  propofition,  may  be  proved  concerning  an  objeCt  feen.  through  a concave  lens. 

Exp.  r.  Obferve  the  image  of  a candle  whofe  rays  have  palled  through  a convex  lens, 
and  are  received  at  the  focus  on  a white  furface,  whilft  the  object  is  on  the  fame,  or  on  the 
contrary  fide  of  the  lens. 

2.  An  inverted  image  will  be  produced  without  a lens,  by  folar  rays  palling  through  a 
very  fmall  hole  into  a darkened  room  •,  and  if  the  edge  of  a knife  be  applied  to  one  fide  of 
the  hole,  and  moved  flowly  over  it,  the  parts  of  the  image  fituated  oppofitg  to  the  covered 
fide  will  be  firlt  concealed  ; from  whence  it  is  manifeft,  that  the  rays  crofs  one  another  in 
palling  through  the  hole, 

PROP.  LXXXIV.  The  apparent  magnitude  of  an  object  feen  through 
a lens  placed  clofe  to  the  eye,  or  to  the  object,  is  equal  to  its  apparent 
magnitude  when  feen  without  the  lens. 

If  die  eye  be  placed  clofe  to  the  lens  at  I,  the  diameter  of  the  object  of  refraCted  vifion 
DF,  is  to  the  diameter  of  the  object  of  plane  vifion  AC  (by  Prop.  XXVIII.)  as  El  to  IB, 
that  is,  as  their  refpeCtive  diltances  from  the  vertex  of  the  lens.  Therefore  (as  appears  from 
Prop.  LX1X.)  their  apparent  diameters  when  feen  from  I,  are  equal. 

If  the  lens  is  placed  clofe  to  the  object,  the  real  radiants  touching  the  lens,  the  imaginary 
radiants,  that  is,  the  Iaft  image,  will  alfo  touch  the  lens:  whence  their  diameters,  or  appar- 
ent magnitudes,  will  be  equal, 

PROP.  LXXXV.  If  an  objeCt  feen  through  a convex  lens  is  nearer 
to  the  lens  than  its  principal  focus,  it  will  appear  brighter  than  to  the 
naked  eye,  diftindt,  and  in  an  eredt  pofition. 

In  this  cafe,  the  rays  which  come  from  any  point  (by  Prop.  XVII.)  will  be  brought  nearer 
by  refraction,  and  confequently  a greater  number  will  enter  the  eye  than  if  there  had  been 
no  refraCtion  ; whence  it  is  manifeft,  that  the  objeCt  will  appear  brighter.  Becaufe  the  rays 
of  eacli  pencil  diverge  after  refraCtion,  but  lefs  than  before,  they  come  to  the  eye,  as  they 
would  if  the  objeCt  were  at  a moderate  diftance  and  no  lens  were  ufed,  and  therefore  will  be 
feen  diftinCtly.  And  bccaufe  the  refraCted  rays  (by  Prop.  XVII.)  diverge  lefs  than  the  inci- 
dent rays,  that  is,  (by  Prop.  VI.)  the  imaginary  radiants  are  more  remote  than  the  real  ones, 
the  laft  image,  as  DEE,  which  is  formed  by  thefe  imaginary  radiants,  is  farther  from  the 
lens  than  the  objeCt,  and  on  the  fame  fide  of  the  lens;  and  confequently,  fince  the  extreme 
axes  DAI,  I'CI,  only  crofs  one  another  at  the  lens,  the  image  will  be  in  the  fame  pofitioq 
With  the  objcCt,  and  appear  crcCt. 
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PROP.  LXXXVI.  If  an  object  feen  through  a convex  lens  is  farther 
from  the  lens  than  its  principal  focus,  the  object  will  appear  brighter  than 
to  the  naked  eye,  confufed,  and  in  an  eredt  pofition. 

If  the  eye  be  placed  between  the  lens  and  the  d ift i n <f?t  image,  whilft  the  eye  is  nearer  the 
lens  than  the  place  of  the  image,  the  rays  being  made  convergent  by  the  lens,  will  be  clofer 
together,  and  therefore  a greater  number  of  them  will  enter  the  eye,  and  the  objedt  will 
appear  brighter,  than  if  it  had  been  feen  without  a lens : becaufe  the  rays  come  to  the  eye 
in  a converging  (late,  which  from  one  and  the  fame  point  they  do  not  in  plane  vifion,  they 
will  give  a confufed  image.  And  becaufe  no  image  is  formed  till  the  rays  come  to  the  retina, 
the  obje£b  will  appear  eredt. 

PROP.  LXXXV1I.  If  an  objedt  feen  through  a convex  lens  is  in  the 
principal  focus,  it  will  appear  brighter  than  to  the  naked  eye,  and  eredt. 

The  rays  of  each  particular  beam  becoming  in  this  cafe  (by  Prop.  XVII.)  parallel  after 
refraction,  are  brought  nearer  together  than  if  there  had  been  no  lens  ; confequently,  more 
rays  will  enter  the  eye  from  every  point,  and  the  objedt  will  appear  brighter  : and  no  image 
being  formed  before  the  rays  come  to  the  retina,  the  object  will  appear  eredt. 

PROP.  D.  A minute  objedt,  when  feen  through  a lens  of  very  fmall 
principal  focal  length,  appears  magnified  and  diftindt,  if  the  objedt  he 
placed  in  the  principal  focus. 

The  angle  under  which  the  objedt  appears,  will  be  to  that  which  it  fubtends,  when  feen 
by  the  naked  eye ; as  the  diftance  at  which  it  is  viewed  by  the  naked  eye  diftindtly,  is  to  the 
principal  focal  length  of  the  lens. 

If  the  principal  focal  length  of  the  lens  be  7*o  of  an  inch,  and  the  diftance  at  which  the 
eye  can  fee  diftindtly  be  eight  inches,  it  follows  that  the  lens  will  magnify  240  times  in 
diameter. 

PROP.  LXXXVIIL  When  an  objedt,  feen  through  a convex  lens,  is 
nearer  than  the  principal  focus,  it  is  magnified,  unlefs  the  eye  or  the  lens 
touches  the  objedt ; and  as  the  eye  departs  from  the  lens,  its  apparent  mag- 
nitude will  decreafe. 

If  the  objedt  ABC  continues  in  the  fame  place,  or  does  not  change  its  diftance  BI  from 
the  lens,  the  laft  image  DF  will  (by  Prop.  XXVII.)  remain  at  the  fame  diftance  El  : there-  - 
fore  the  real  diameter  of  UF  (by  Prop.  XXXIII.)  will  be  invariable,  wherever  the  eye  is 
placed.  If  the  eye  be  at  the  vertex  of  the  lens  I,  the  apparent  diameters  of  the  laft  image 
1)EF,  feen  through  the  lens,  and  that  of  the  objedt  ABC,  feen  with  the  naked  eye,  are  man- 
ifeftly  the  fame.  Both  lliefe  apparent  diameters  decreafe  as  the  eye  recedes  from  the  lens 
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towards  O ; but  the  apparent  diameter  of  the  laft  image  decreafes  in  the  inverfe  ratio  of  OE 
to  IE,  and  that  of  the  objedt  in  the  inverfe  ratio  of  OB  to  IB.  But  OE  has  a lefs  ratio  to  IE 
than  OB  to  IB ; for  IE  and  IB  are  unequal  quantities,  of  which  IE  the  diltance  of  the  im- 
age, is  always  (by  Prop.  XVII.  and  VI.)  the  greater,  which  are  equally  increafed,  but  not 
proportionally : therefore  the  apparent  diameter  of  the  image  decreafes  flower  than  that  of 
the  objedt,  as  the  eye  recedes  from  the  lens.  Confequentiy,  when  the  eye  is  at  any  diltance 
from  the  lens,  the  laft  image,  or  the  objedt  of  refradted  vifiori,  will  appear  greater  than  the 
object  feen  by  the  naked  eye.  As  the  eye  departs  from  the  lens,  the  apparent  magnitude  of 
the  objedt,  from  wdiat  has  been  faid,  muft  continually  decrcafe,  till  at  an  infinite  diltance  it 
vanilhes, 

PROP.  LXXX1X,  If  an  objedt  feen  through  a convex  lens  is  more 
remote  than  the  principal  focus,  and  the  eye  on  the  other  fide  of  the  lens 
is  nearer  than  the  place  of  the  image,  the  objedt  appears  magnified,  and  its 
apparent  magnitude  will  be  inverfely  as  the  di fiance  of  the  eye  from  the 
image. 

Suppofe  the  eye  at  the  fide  of  the  lens  GL  ; it  might  fuccefiively  fee  both  the  objedt  and  plate  7. 
the  image  without  looking  through  the  lens  ; and  in  this  fituation  (by  Prop.  XXVIII.)  the  9' 
real  diameter  of  the  objedt  is  to  that  of  the  image,  as  their  refpedtive  diftances  from  the  lens 
or  the  eye  ; confequentiy  (by  Prop.  XXXIV.)  their  apparent  diameters  will  be  equal. 

Next,  fuppofe  the  eye  clofe  to  the  image  at  F,  E,  or  D,  the  apparent  diameter  of  the  image 
would  manifeftly  be  infinite.  Alfo  in  this  fituation  of  the  eye,  the  apparent  diameter  of  the 
object  would  be  infinite  ; for,  if  the  eye  be  at  F,  the  rays  from  the  point  C are  the  only 
rays  colledted  into  the  eye,  which  appear  dift'ufed  over  the  whole  furface,  and  would  do  fo 
if  the  lens  were  ever  fo  large  ; and  the  fame  would  be  true  of  the  points  B or  A,  if  the  eye 
was  at  E or  D j that  is,  the  apparent  diameter  of  the  objedt  feen  through  the  lens  is  infinite. 

Since  then  the  objedt  and  the  image  appear  equal  when  the  eye  is  clofe  to  the  lens,  and  that 
both  appear  infinite  when  the  eye  is  clofe  to  the  image  ;■  they  muft:  have  increafed  equally 
as  the  eye  was  moving  from  the  lens  to  the  image,  and  their  apparent  diameters  mult  always 
have  been  equal.  Flence,  the  objedt  in  every  ftation  of  the  eye  when  it  does  not  touch 
the  lens  is  magnified.  And  becaufe  the  apparent  diameter  of  the  objedt  feen  through  the 
lens  is  every  where  equal  to  that  of  the  image,  and  that  of  the  image  (by  Prop.  XXXI.) 
inverfely  as  the  diltance  of  the  eye  from  the  pidture,  the  apparent  diameter  of  the  objedt 
feen  through  the  lens,  is  inverfely  as  the  diltance  of  the  eye  from  the  image. 

PROP.  XC.  If  an  object  feen  through  a convex  lens  is  placed  in  the 
principal  focus,  its  apparent  magnitude  will  not  be  altered  by  withdrawing 
the  eye  from  the  lens. 

Since  in  this  cafe  the  rays  from  the  objedt  come  parallel  to  the  eye,  both  the  imaginary 
radiants  and  the  image  (by  Prop.  XVII.)  are  infinitely  diftant.  Therefore  tire  apparent 
magnitude  of  the  objedt  cannot  be  diminifhed  by  receding  from  the  imaginary  radiants,  nor 
increafed  by  approaching  to  the  image,  but  will  always  remain  the  fame,  PROP. 
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PROP.  XCI.  If  a convex  lens  is  moved  whilft  the  eye  and  object 
remain  fixed,  the  apparent  magnitude  of  the  objedt  will  increafe,  till  the 
lens  is  at  the  middle  point  between  them,  after  which  it  will  decreafe  till 
the  lens  reaches  the  objedt ; provided  the  eye  is  never  farther  from  the  lens 
than  the  place  of  the  image. 

When  the  lens  is  at  either  extreme  (by  Prop.  LXXXIV.)  the  objedt  is  not  magnified  ; 
but  between  die  extremes  (by  Prop.  LXXXVIII.  and  LXXXIX.)  it  is  magnified  ; therefore 
when  it  is  equally  diftant  from  the  two  extremes,  it  is  molt  magnified,  and  mult  increafe  ini 
its  apparent  magnitude  as  the  lens  moves  from  the  eye  towards  the  middle  Ration,  and  de* 
creafe,  as  it  moves  from  that  middle  Ration  towards  the  object. 

PROP.  XCII.  The  apparent  magnitude  of  an  object,  feen  through  a 
concave  lens,  decreafes  as  the  eye,  or  the  objedt,  departs  from  the  lens. 

If  the  eye  touches  the  vertex  of  the  lens  I,  the  apparent  diameters  of  the  objedt  and  the 
laft  image  are  equal.  As  the  eye  recedes  from  the  lens,  its  diRance  both  from  the  objedt 
ABC  and  laR  image  DEF  increafes,  and  consequently,  the  apparent  magnitude  of  both 
decreafes.  But  the  diRance  IE  from  the  laR  image  increafes  faRer  than  the diRance  IB  from 
the  object,  as  was  {hewn  in  Prop.  LXXXVIII.  Therefore  (by  Prop.  LXIX.)  the  apparent 
diameter  of  the  laR  image,  or  the  objedt  of  refradted  vifion,  is  diminished  as  the  eye  recedes 
from  the  lens,  more  than  that  of  the  objedt  feen  by  the  naked  eye. — Again,  as  the  objedt 
departs  from  the  lens,  the  image  departs  with  it  j whence  its  vifible  diameter  decreafes. 

PROP.  XCIII.  When  the  eye  and  objedt  are  fixed,  if  a concave  lens 
be  moved  from  the  eye,  the  apparent  magnitude  of  the  objedt  will  decreafe 
till  it  reaches  the  middle  point  between  them,  and  increafe  as  it  moves  on 
towards  the  objedt. 

When  the  lens  is  at  each  extreme,  the  apparent  magnitude  of  the  object  feen  through 
the  lens  (by  Prop.  LXXXIV.)  is  the  fame  as  when  feen  with  the  naked  eye.  In  all  other 
Rations  of  the  lens,  the  object  appears  dimini {hed : therefore  it  mult  appear  moR  of  all 
diminifhed  when  the  lens  is  in  the  middle  Ration,  and  it  muR  decreafe  whilR  it  is  approach- 
ing to  that  Ration,  and  increafe  whilft  it  is  departing  from  thence  towards  the  objedt. 

Exp.  View  a candle  through  a convex  or  concave  lens,  in  the  manner  deferibed  Prop. 
XL1I.  varying  the  pofition  of  the  objedt,  or  lens,  according  to  the  preceding  Propofitions, 
from  Prop.  LXXXIV. 

PROP.  XCIV.  Convex  lenfes  affift  the  fight  of  thofe  perfons  whofe 
eyes  are  not  fufficiently  convex,  and  concave  lenfes,  that  of  thofe  whofe 
eyes  are  too  convex,  P°r 
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For  convex  lenfes  enable  the  former  to  bring  the  rays  from  objedls  to  a focus  nearer  to 
the  chrydalline  than  can  be  clone  by  their  eyes  ; and  concave  lenfes  enable  the  latter  to 
bring  the  rays  to  a focus  at  a greater  diftance  y and  thus  to  produce  a didindt  image  upors 
the  retina. 

Schol.  Were  there  no  other  ufe  of  the  fcience  of  dioptrics,  fays  Mr.  Molyneux,  that! 
that  of  fpefracles,  the  advantage  that  mankind  receive  thereby  is  inferior  to  no  other  bene- 
fit, not  abfolutely  requifite  to'  the  fupport  of  life.  For  as  the  fight  is  the  mod  noble  and 
extenfive  of  all  our  fenfes  *,— ^-as  we  make  the  mod  frequent  ufe  of  our  eyes  in  all  the 
actions  and  concerns  of  life,  furely  that  indrument  which  relieves  the  eyes  when  decayed, 
and  fupplies  their  defeats,  mud  be  edimated  as  the  greated  of  all  advantages.  Forlorn 
indeed  mud  have  been  the  fituation  of  many  young,  and  almod  all  old  people,  before  this 
admirable  invention.  The  fame  author  concludes,  that  fpedlacles  were  fird  ufed  about  the 
end  of  the  13th  century  ; and- he  afcribes  the  invention  to  Friar  Bacon. 

SECT,  III. — Of  Vision  as  affetted  by  Reflection,* 

PROP.  XCV.  If  a plane  mirror  and  the  objedt  feen  in  it  are  both5 
perpendicular  to  the  horizon,  the  object  appears  eredt 

The  object  DE,  and  the  mirror  AB,  being  both  perpendicular  to  the  horizon,  the  lines  Plai&T-,* 
DI,  EZ,  in  which  (by  Prop.  LVII.)  the  highed  and  the  lowed  points  of  the  object  appear, 
being  both  perpendicular  to  the  furface  AB,  are  parallel  to  each  other,  and  do  not  meet. 
Therefore  the  line  DI,  which  is  highed  at  the  object,  is  alfo  highed  at  the  image,  and  EZ 
will  be  lowed  at  both  ; therefore  the  image  is  not  inverted  with  refpect  to  the  cbjedl  ; and 
each  point  of  the  image  LM  (by  Prop.  LIV.)  is  equally  didant  from  the  furface  of  the 
mirror  with  its  correfponding  point  in  the  objedt  DE  : therefore  LM,  DE,  are  parallel,' 

(El.  I.  30.)  and  fince  the  objedt  is  erect,  the  image  will  be  fo  too. 

PROP.  XCVI.  When  the  objedt  is  parallel  to  a plane  mirror,  the 
length  or  breadth  of  that  part  of  the  mirror  upon  which  the  image  appears!, 
is  to  the  length  or  breadth  of  the  object,  as  any  reflected  ray  is  to  the-5 
palfage  of  reflection, 

.<•  . * . . . 

If  the  object  DE  is  parallel  to  the  mirror  AB,  and  the  image  LM  is  feen  by  the  eye  at  F!a.e  7i 
C,  then  FN,  the  length  of  that  part  of  the  mirror  which  is  taken  up  by  the  image,  fubtends  Fig.  7. 
the  angle  LCM,  under  which  the  image  appears.  For  fince  all  the  vifible  length  of  the 
image  is  manifedly  included  within  the  angle  LCM,  there  cannot  he  more  of  the  mirror 
taken  up  by  that  vifible  length,  than  is  included  within  the  fame  angle.  Now  the  length 
of  the  image  LM  is  equal  (by  Prop.  LX.)  to  the  length  of  the  object  DE.  And  (El.  VI.  2.) 

FN  is  to  LM,  as  FC  to  CL,  or  (by  Prop.  LIX.)  CFD  ; that  is,  the  length  of  that  part  of 
the  mirror  which  is  taken  up  by  the  image  is  to  the  lengrh  of  the  image,  or  (by  Prop.  LX.) 

the 
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the  length  of  the  object,  as  any  reflected  ray  is  to  the  paffage  of  reflexion  of  that  ray.  In 
the  fame  manner  it  may  he  (hewn,  that  the  breadth  of  that  part  of  the  mirror  taken  up  by 
the  image,  is  to  the  breadth  of  the  objeCt.  in  the  fame  ratio. 

Cor.  Hence,  in  plane  mirrors  the  objeCt,  and  the  part  of  the  furface  on  which  it 
appears,  are  fimilar. 

PROP.  XCVII.  If,  at  a certain,  diftance  from  the  mirror,  the  whole 
.object  cannot  be  feen  by  reflection,  the  whole  will  become  vifible  either 
by  bringing  the  eye  nearer  to  the  mirror,  or  removing  the  objeCt  farther 
from  it. 

For  (by  Prop.  XCVI.)  the  lefs  the  ratio  of  the  reflected  ray  is  to  the  paflage  of  reflection, 
fo  much  the  lei's  will  be  the  ratio  of  the  length  of  that  part  of  the  mirror  on  which  the 
whole  objeCt  will  appear,  to  the  length  of  the  object.  If  therefore  the  reflected  ray  CF 
decreafes  by  bringing  the  eye  nearer  to  the  mirror,  fmee  it  is  diminilhed  falter  than  the 
greater  quantity  DFC,  the  paflage  of  reflection,  when  equal  parts  are  taken  from  each,  the 
ratio  of  the  reflected  ray  CF  to  the  paflage  of  reflection  DFC  (El.  V.  8.)  diminifhing,  the 
ratio  of  the  length  of  that  part  of  the  mirror,  on  which  the  whole  objeCt  will  be  feen,  to  the 
objeCt,  is  diminilhed;  that  is,  (the  objeCt  being  given)  the  length  of  the  part  of  the  mirror 
on  which  the  whole  objeCt  is  feen,  will  be  diminilhed  : consequently,  the  whole  objeCt, 
which  at  a certain  diftance  of  the  eye  from  the  mirror  was  not  vifible,  on  a nearer  approach 
of  the  eye  may  become  vifible. 

If  the  objeCt  DE  be  removed  farther  from  the  glafs,  the  ratio  of  the  reflected  ray  FC  to 
the  paflage  of  reflection  DFC  will  alfo  be  diminilhed,  becaufe  DFC  will  be  increafed  whilft 
FC  remains  the  fame  ; and  confequently  the  length  of  the  part  of  the  mirror  on  which  the 
whole  image  is  feen,  is  diminilhed,  and  a lefs  furface  of  glafs  is  required  in  order  to  fee  the 
whole  image. 

PROP.  XCVIII.  If  a fpeCtator  fees  himfelf  entirely  in  a plane  mirror 
placed  parallel  to  him,  the  mirror  mud  be  half  as  long  as  himfelf. 

When  a fpeCtator  is  looking  at  himfelf,  the  incident  ray  is  his  diftance  from  the  mirror, 
and  the  reflected  ray  is  equal  to  it,  and  is  the  diftance  of  the  mirror  from  him.  The  paflage 
of  reflection  is  therefore  equal  to  twice  his  diftance  from  the  mirror ; and  confequently 
the  reflected  ray  is  to  the  paflage  of  reflection  as  i to  2 : whence  (by  Prop.  XCVI  ) the 
length  of  the  glafs,  in  v/hich  he  can  fee  himfelf  entirely,  muft  be  to  his  own  length  as  i to 
2,  or  the  length  of  the  glafs  muft  be  half  his  own  length. 

If  the  mirror  be  at  all  fliorter  than  this,  the  fpeCtator  will  not  be  able  to  fee  himfelf, 
whether  he  is  nearer  to  the  glafs,  or  farther  from  it.  If  he  approaches  towards  the  glafs, 
the  objeCt,  being  himfelf,  approaches  as  faft  as  the  eye,  fo  that  though  (by  Prop.  XCV II.) 
he  might  fee  more  of  himfelf  by  die  approach  of  the  eye,  he  will  fee  juft  as  much  lefs  of 
himfelf  on  account  of  the  approach  of  the  objeCt.  In  the  fame  manner  it  may  be  fliewn, 
that  if  he  recedes  from  the  mirror,  he  will  not  be  able  to  fee  himfelf  entirely. 
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PROP.  XCIX.  Objects  perpendicular  to  the  horizon,  Teen  in  a plane 
mirror  parallel  to  the  horizon  appear  inverted. 

By  Prop.  LIV.  each  imaginary  radiant  is  at  the  fame  diftance  behind  the  mirror,  that  the 
real  radiant  is  before  it  •,  hence,  if  the  mirror  be  below  the  objedt  and  the  eye,  the  objedfc 
will  have  its  loweft  part  neareft  the  furface  of  the  mirror,  and  its  higheft  part  fartheft  from 
it,  and  therefore  will  in  this  fituation  appear  inverted  : if  the  mirror  be  above  the  objedb 
and  the  eye,  the  objedl  will  have  its  higheft  part  neareft  the  furface,  and  its  loweft  part 
fartheft  from  it,  and  therefore  will,  in  this  fituation  alfo,  appear  inve-rted. 

PROP.  C.  If  a plane  mirror  is  inclined  to  the  horizon  at  an  angle  of 
forty-five  degrees,  an  object  parallel  to  the  horizon  will  appear  eredt  in 
the  mirror,  and  an  objedt  perpendicular  to  the  horizon  will  appear  parallel 
to  it. 

Let  the  object  CD  parallel  to  the  horizon  be  feen  in  AB,  a mirror  fo  placed  as  to  incline  p]ate  7, 
to  the  horizon  in  an  angle  of  forty-five  degrees.  At  whatever  diftance  any  radiant  C is  FlS-  19> 
from  the  mirror,  at  the  fame  diftance  (by  Prop.  LIV.)  is  the  correfponding  radiant  C in 
the  image,  or  CE  will  be  equal  to  cE.  In  like  manner,  D13  will  be  equal  to  dB.  Thus 
every  radiant  in  the  image  is  at  the  fame  diftance  behind  the  mirror,  as  the  objedt  is  before 
it ; whence  the  image  cd  makes  half  a right  angle  cBA  with  the  mirror  on  one  fide,  whilft 
the  objedl  makes  with  it  half  a right  angle  CBA  on  the  other  : whence  cBC  is  a right  angle, 
that  is,  the  image  is  perpendicular  to  the  objedl  or  horizon,  and  appears  eredl  in  the  mirror. 

By  making  cd  the  objedl,  and  CD  the  image,  it  may  be  {hewn  in  like  manner  that  when 
the  objedl  is  eredl,  it  will  appear  in  the  mirror  parallel  to  the  horizon. 

PROP.  CL  If  an  objedl  is  placed  between  two  plane  mirrors  inclined 
to  one  another  at  any  angle,  feveral  images  may  be  feen. 

Let  the  objedl  F be  placed  between  the  two  plane  mirrors  CB,  CA,  making  with  one  an- 
other the  angle  BCA.  From  the  objedl  F,  draw  FD  perpendicular  to  the  mirror  CA,  meet- 
ing CA  in  K,  and  make  KD  equal  to  FK.  The  image  of  F will  (by  Prop.  LIV.)  appear  at 
D.  In  like  manner,  if  FG  be  drawn  perpendicular  to  CB,  the  objedl  will  be  feen  in  G,  as 
far  behind  the  mirror  as  F is  before  it.  Thus  two  images  of  the  fame  objedl,  but  of  differ- 
ent fides  or  furfaces  of  it,  will  be  feen. 

Again,  fince  fome  of  the  refledled  rays,  which  diverge  from  the  image  D in  all  diredlions 
fall  upon  the  oppofite  mirror  CB,  the  image  D may  be  confidered  as  an  objedl  placed  before 
the  mirror  CB  : and  confequently,  when  the  rays  which  diverge  from  D are  refledled  from 
CB,  if  DUE  be  drawn  perpendicular  to  CB,  and  if  EH  is  taken  equal  to  HD,  thefe  refledled 
rays  will  (by  Prop.  LVIII.)  reprefent  the  image  of  D at  E,  as  far  behind  the  mirror  as  D is 
before  it.  In  like  manner,  fome  of  the  rays  from  this  fecond  image  E will  fall  upon  the  mir- 
ror CA,  and  the  image  of  E,  or  a third  image  of  the  objedl,  will  appear.  And  thus,  as  long 
as  the  image  reprefented  in  one  mirror  is  before  the  other,  fo  long  a new  image  of  the  laft 
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image  will  be  produced.  And  all  thefe  images,  beginning  from  CA,  and  being  fuccefiive 
reprefentations  of  D,  will  be  images  of  the  fide  of  the  object  F towards  CA.  Befides  thefe, 
there  will  be  another  fet  of  images  beginning  from  CB,  which  will  be  formed  in  the  fame 
manner,  and  reprefent  the  fide  of  the  object  towards  CB,  the  firft  of  which  will  be  G,  and 
the  fecond  L. 

PROP.  CII.  The  images  which  appear  in  two  plane  mirrors  inclined 
to  one  another,  are  in  the  circumference  of  a circle,  the  radius  of  which 
is  the  diftance  of  the  objedt  from  the  vertex  of  the  angle  contained  be- 
tween the  mirrors. 

Plate  7.  Since  FK  is  equal  to  KD,  KC  common,  and  the  angles  at  K right  angles,  CF,  the' 
fig.  40,  diftance  of  the  object  from  the  vertex  of  the  angle  made  by  the  inclination  of  the  mirrors 

to  one  another,  is  (El.  I.  4.)  equal  to  CD.  In  like  manner  it  may  be  proved  that  CE  is 
equal  to  CD.  Therefore  CF  and  CE  are  equal  to  one  another.  Thus  all  the  ftraight  lines 
drawn  from  C to  G,  L,  or  any  other  image  in  the  mirrors,  may  be  proved  to  be  equal  to  CF. 
Confequently,  if  C be  made  the  centre  of  a circle,  and  CF  its  radius,  the  circumference 
will  pafs  through  the  points  D,  E,  G,  L,  and  every  other  image  which  appears  in  the 
mirrors,  that  is,  all  the  images,  are  in  the  circumference  of  a circle,  whofe  radius  is  the 
diftance  of  the  objedft  from  the  vertex  of  the  angle  made  by  the  inclination  of  the  mirrors  to 
one  another. 

PROP.  CIII.  If  two  plane  mirrors  are  parallel  to  one  another,  and 
an  objedt  is  placed  between  them,  innumerable  images  of  that  objedt  may 
be  feen  in  each,  Handing  in  a right  line. 

Plate  7.  If  the  two  mirrors  CA,  CB,  were  feparated  at  C,  fo  as  to  be  lefs  inclined,  or  nearer 
f‘g-  ao-  parallel  to  one  another,  the  angle  of  inclination  being  diminiihed,  it  is  manifeft  from  Prop. 

CII.  that  the  number  of  images  will  be  increafed.  At  the  fame  time  the  circumference  of 
the  circle  in  which  the  images  are  placed  will  be  enlarged,  becaufe  the  vertex  C is  farther 
removed  from  F,  or  FC  is  increafed.  Confequently,  if  the  mirrors  CA,  CB,  are  fo  far 
feparated,  that  the  vertex  is  infinitely  diftant,  the  images  become  innumerable,  and  they 
are  placed  in  a ftraight  line. 

PROP.  CIV.  In  fpherical  mirrors,  concave  or  convex,  when  the  place 
of  the  image  is  determinate,  the  objedt  and  the  image  are  in  the  lame  fit- 
uation,  if  they  are  both  on  the  fame  fide  of  the  centre  and  in  contrary  fit- 
uations  if  they  are  on  oppofite  Tides. 

Plate  7.  " Let  AFB  be  an  objedt  placed  nearer  the  concave  mirror  SGV  than  its  principal  focus, 

f»g-  33-  and  let  C be  the  centre  of  concavity.  The  rays  from  A,  F,  B,  being  reflected,  will,  (by 
Prop.  LIE)  diverge,  and  the  diftances  of  the  correfponding  imaginary  radiants  I,  E,  M,  may 
be  determined  by  Prop.  LVI.  The  real  and  the  imaginary  radiants  are,  in  this  cafe,  on 
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the  fame  fide  of  C the  centre  of  concavity.  Now,  the  imaginary'  radiant  which  correfponds 
to  the  real  one  A,  is  (by  Prop.  LVIII.)  in  CAI  the  perpendicular  drawn  from  A to  the 
furface  ; and  the  fame  with  refped  to  B,  and  all  the  other  radiants.  And  thefe  perpendicu- 
lars, and  all  the  reft,  being  drawn  from  the  centre,  do  not  crofs  each  other  but  at  the 
centre  ; confequently  they  are  in  the  fame  pofition  with  Tefp eft  to  each  other  at  the  objed 
and  the  image,  and  that  which  is  the  higheft  at  the  objed  will  be  the  higheft  at  the  image, 
and  the  reverfe.  Since  therefore  (by  Prop.  LVIII.)  every  point  of  the  objed  appears  in  its 
perpendicular  at  the  image,  the  higheft  point  in  the  objed  will  appear  the  higheft  in  the 
image,  and  the  reverfe  : that  is,  the  objed  and  image  will  be  in  the  fame  fituation.  In  like 
manner  it  may  be  fhewn,  that  if  the  objed  AFB  is  placed  before  a convex  mirror,  and  its  Plate  7. 
image  IM  is  on  the  fame  fide  of  the  centre,  they  will  be  both  in  the  fame  fituation.  If  the  Flg‘  i7“ 
objed  AFB  is  farther  from  the  concave  mirror  SGV  than  its  principal  focus,  and  if  M,  E,  Fig.  11. 
I,  be  the  places  of  the  feveral  foci,  to  which  the  rays  from  A,  F,  B,  (by  Prop.  L.)  will  con- 
verge, a diftind  image  of  the  objed  will  appear  upon  a paper  placed  at  M,  E,  I : and  if 
the  paper  is  taken  away,  and  the  eye  is  more  remote  from  the  mirror  than  MEI,  the  rays 
will  diverge  from  thefe  foci,  and  become  the  laft  image.  But,  becaufe  the  extreme  perpen- 
diculars ICH,  MCK,  in  which  (by  Prop.  LVIII.)  the  points  A and  B will  appear,  crofs 
each  other  at  the  centre  C,  between  the  objed  and  image,  A the  higheft  point  of  the  objed 
•will  appear  at  I the  low'eft  point  of  the  image,  and  the  reverfe  ; that  is,  the  image  wdth 
refped  to  the  objed  will  be  inverted,  or  they  will  be  in  contrary  fituations.  The  fame 
may  be  ftiewm  in  like  manner  with  refped  to  the  convex  mirror. 

PROP.  CV.  In  fpherical  mirrors,  concave  or  convex,  the  diameter  of 
the  objedf  is  to  the  diameter  of  the  image,  as  the  diftance  of  the  object  from 
the  centre  to  the  diftance  of  the  image  from  the  centre,  and  alfo  as  the  dif- 
tance of  the  objed  from  the  furface  to  the  diftance  of  the  image  from  the 
furface. 

If  the  eye  is  any  wdiere  in  the  line  FG,  or  that  line  produced,  FG  is  the  optic  axis ; plate  7. 
whence  the  vifible  length  of  the  objed  AB,  and  alfo  of  the  image  IM,  is  proportional  (as  FlS-ax> 
appears  from  Prop.  LXVIIL)  to  a fubtenfe  of  the  optic  angle  perpendicular  to  FG.  The 
vifible  extenfions,  or  lengths  of  the  objed  and  of  the  image  being  then  perpendicular  to  the 
fame  line  FG,  are  parallel  to  one  another.  Hence  in  all  the  cafes,  the  angles  ACB,  ICM, 
are  equal,  and  alfo  the  angles  CAB,  CIM.  Therefore  (El.  VI.  4.)  AB  the  vifible  length 
of  the  objed  is  to  MI  that  of  the  image,  as  AC  the  diftance  of  the  objed  from  the  centre 
is  to  IC  the  diftance  of  the  image. 

Again,  fince  the  objed  AFB  confifts  of  real  radiants,  and  the  image  MEI  of  imaginary 
radiants  when  the  rays  diverge,  and  of  foci  when  they  converge,  after  refledion  ; and  fince 
when  they  diverge,  FG  the  diftance  of  the  objed  from  the  furface  is  (by  Prop.  LVI.  to 
EG  the  diftance  of  the  image  from  the  furface,  as  FC,  the  diftance  of  the  objed  from  the 
centre  is  to  EC  the  diftance  of  the  image  from  the  centre  ; but  (by  El.  VI.  2.)  AB  is  to 
MI,  as  FC  to  EC  : therefore  AB  is  likewife  to  MI  as  FG  to  EG,  that  is,  the  diameter  of 
the  objed  is  to  that  of  the  image,  as  the  diftance  of  the  objed  from  the  furface  to  that 
of  the  image  from  the  furface. 
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PROP.  CVI.  If  the  eye  is  clofe  to  a concave  or  convex  mirror,  the 
apparent  diameter  of  the  objedl  is  equal  to  the  apparent  diameter  of  the’ 
image. 

If  the  eye  is  at  G,  the  real  diameters  of  the  objedl  AFB  and  image  ME!  are  (by  Prop.  CV.) 
as  their  refpedlive  diflances  from  the  eye.  Therefore  (by  Prop.  LXXI.)  their  apparent 
diameters  will  fubtend  the  equal  angles  AGB,  IGM,  and  will  be  equal. 

PROP.  CVII.  If  the  eye  is  placed  in  the  centre  of  a concave  mirror, 
it  can  fee  nothing  in  the  mirror  but  its  own  image. 

For  the  eye,  in  this  fituation,  is  in  the  place  of  its  own  image,  and  therefore  rays  will  be 
reflected  to  it  from  every  point  of  the  furface. 

PROP.  CVIII.  If  an  objedl  is  nearer  to  a concave  mirror  than  its 
principal  focus,  the  image  appears  behind  the  mirror,  farther  from  the 
mirror  and  larger  than  the  objedl,  eredt,  and  diftindt. 

* r 1 

The  objedl  AFB  being  nearer  to  the  concave  mirror  than  the  principal  focus,  the  rays 
which  diverge  from  each  point  in  the  objedl  before  the  mirror  will  diverge  after  refledlion 
(by  Prop.  L.)  lefs  than  before  from  the  imaginary  radiants  M,  E,  I ; whence  the  image  form- 
ed by  them  will  (Prop.  VI.)  be  farther  from  the  mirror  than  the  objedl  *,  and  confequently 
(by  Prop.  CV.)  it  will  be  larger  than  the  objedl.  Becaufe  the  objedl  is  nearer  the  mirror 
than  its  principal  focus,  it  is  likewife  nearer  than  the  centre  *,  whence  (by  Prop.  CIV.)  the 
image  will  be  eredl.  Laftly,  the  image  will  be  feen  didindlly,  becaufe  the  rays  from  it  di- 
verge as  from  objedls  at  a moderate  ditlance. 

PROP.  CIX.  If  an  objedl  touches  a concave  mirror,  the  image  will 
touch  it  likewife,  and  they  will  be  equal. 

For  the  real  radiants  being  clofe  to  the  mirror,  the  imaginary  radiants  are  fo  too  ; whence 
(by  Prop.  CV.)  their  diameters  will  be  equal. 

PROP.  CX.  If  an  objedl  is  placed  in  the  focus  of  a concave  mirror, 
the  image  is  at  an  infinite  diftance  behind  the  mirror,  larger  than  the 
objedl,  eredt,  and  diftindt. 

When  the  objedl  AFB  is  in  the  principal  focus  of  the  concave  mirror  SGV,  the  image 
is  at  an  infinite  didance.  It  will  (by  Prop.  CV.)  be  larger  than  the  objedl,  on  account  of  its 
remotenefs.  It  will  be  feen  eredl  (by  Prop.  CIV.)  becaufe  it  is  on  the  fame  fide  of  the  centre 
with  the  objedl.  And  fince  the  rays  of  each  beam  are  parallel,  it  will  be  feen  as  diflindlly  as 
the  naked  eye  fefes  very  remote  objedls. 
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PROP.  CXI.  If  the  object  is  farther  from'  a concave  mirror  than  its 
focus,  and  the  eye  is  nearer  than  the  place  of  the  image,  the  objed  will 
appear  confufed,  behind  the  mirror,  ered,  and  magnified. 

The  rays  which  diverge  from  A,  F,  B,  in  an  obje£t  more  remote  from  the  concave  mirror  plate  7. 
SGV  than  its  focus,  will  (by  Prop.  L.)  be  colle&ed,  and  on  a furface  of  white  paper  form  an  F,S-  aI* 
inverted  image.  If  the  eye  is  any  where  between  B and  G,  the  rays  from  every  radiant  are 
converging  when  they  come  from  the  mirror  to  the  eye,  whence  it  will  appear  confufed,  be- 
caufe  the  eye  is  not  accuftomed  to  fee  rays  in  this  (late.  The  rays  AH,  AG,  diverging  from 
A will,  after  reflexion,  converge  towards  I : but  if  the  eye  is  nearer  to'  the  mirror  than  I, 
the  reflected  ray  GI  will  not  crofs  its  perpendicular  HI  in  any  place  before  the  eye,  fince  they 
are  in  a Bate  of  convergency  ; confequently,  the  apparent  place  of  this,  or  any  other  point  of 
the  image,  will  be  indeterminate.  It  will  be  feen  ere£l,  becaufe  MEI,  the  inverted  image  of 
the  objeft,  will  be  drawn  inverted  on  the  retina.  Laftly,  becaufe  the  rays  of  each  beam  con- 
verge after  reflexion,  as  HI,  GI,  they  will  appear  to  come,  not  from  points,  but  from  circular 
fpots  larger  than  the  points  of  the  objett,  the  image  will  appear  confufed,  and  be  larger  than 
the  objedt. 

PROP.  CXII.  If  an  objed  is  farther  from  a concave  mirror  than 
its  principal  focus,  and  the  eye  is  farther  from  the  mirror  than  the  place 
of  the  image,  the  image  appears  before  the  mirror,  inverted,  and  diftind. 

Rays  coming  from  M,  E,  I,  an  objedt  at  a greater  dillance  than  the  principal  focus  from  pute  7. 
the  mirror  SGV,  will  (by  Prop.  L.)  converge  to  AFB,  and  would  paint  an  inverted  image  FlS- 
upon  a furface  of  white  paper  placed  there.  From  thence  they  will  diverge,  (the  paper  being 
taken  away  ;)  whence  to  the  eye  placed  any  where  beyond  AFB,  the  image  will  appear  in- 
verted. And  it  will  be  feen  diftin£Uy,  becaufe  the  rays  come' to  the  eye  diverging,  as  from 
an  object  at  a moderate  dillance. 

Schol.  i.  The  inverted  images  of  objefls  may  be  reprefented  in  a dark  room  by  a concave 
mirror,  which  receives  rays  palling  from  external  objedls  through  a hole  in  a window-lhutter, 
and  colledls  them  into  a focus  on  a furface  of  white  paper. 

Schol.  2.  A concave  mirror,  collecting  the  parallel  rays  of  the  fun  into  a focus,  will  a£l 
as  a burning  glafs. 

PROP.  CX1II.  When  an  objed  is  placed  before  a convex  mirror,  its 
image  appears  behind  the  mirror,  nearer  the  mirror,  and  lefs  than  the  ob- 
jed, diftind,  and  ered. 

If  AFB  is  an  objeCt  placed  before  the  convex  mirror  SGV,  the  rays  which  before  reflec-  Plate  7. 
tion  diverge  from  A,  F,  B,  will  (by  Prop.  LV1II.)  after  reflection  diverge  from  as  many  ra-  Fi8- 
diants  I,  E,  M,  behind  the  mirror,  forming  the  image.  And  becaufe  the  reflected  rays  (by 
Prop.  LII.)  diverge  more  than  the  incident  ones,  the  image  IM  (by  Prop.  VI.)  will  be  nearer 
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the  mirror  than  the  real  radiants  or  objett  AFB  ; whence  (by  Prop.  CV.)  the  image  will  be 
lefs  than  the  objedt.  Andbecaufe  the  reflected  rays  come  to  the  eye  in  a Hate  of  divergen- 
cy, the  image  will  be  feen  as  diftinctly  as  any  vifible  obje£t,  feen  by  fuch  diverging  rays,  at 
the  fame  diftance.  Laftly,  if  the  object  AFB  were  at  an  in  finite  diltance  from  the  mirror, 
the  rays  proceeding  from  any  point  in  it  would  fall  parallel  upon  the  mirror,  and  therefore 
would  upon  refledfion  form  the  image  in  the  principal  focus,  that  is,  in  the  middle  point  be- 
tween G and  C,  or  on  the  fame  fide  of  C with  the  obje£t ; whence  (by  Prop.  CIV.)  it  would 
be  eretSE  At  any  finite  diftance  of  the  objeft,  the  image,  being  ftill  nearer  the  furface,  mud 
therefore  be  ereeft, 

PROP.  CXIV.  When  either  the  eye  or  the  object  departs  from  a 
convex  mirror,  the  apparent  diameter  of  the  image  decreafes. 

If  the  obje£t  AFB  continues  in  its  place,  the  image  IM  will  (by  Prop.  LVI.)  be  always  at 
the  fame  diflance  from  the  mirror  ; and  (by  Prop.  CV.)  the  real  diameter  will  be  invariable  : 
confequently  (by  Prop.  LXIX.)  the  apparent  diameter  of  the  image  will  be  inverfely  as  the 
.diftance  of  the  eye. 

If  the  object:  AFB  departs  from  the  mirror,  the  ratio  of  FG,  the  diftance  of  the  object,  to 
GE,  that  of  the  image,  (El.  V.  8.)  will  increafe  : whence  (by  Prop.  CV.)  the  ratio  of  the  di- 
ameter of  the  objeft  to  that  of  the  image  will  likewife  increafe,  that  is,  the  image  will  be^ 
come  lefs  with  refpect  to  the  objedt  : but,  the  eye  remaining  in  the  fame  place,  the  apparent 
diameter  of  the  image  will  (by  Prop.  LXX.)  be  as  its  real  diameter  : confequently,  the  appa-» 
rent  diameter  will  decreafe. 

Exr.  The  Propofitions  in  this  fe&ion  may  be  confirmed,  by  placing  an  obje£l  before  a 
Plane,  Concave,  or  Convex  Mirror,  according  to  the  terms  of  the  refpedlive  Propofitions, 

CHAP.  V, 

Of  Colours. 

SECT.  I. — Of  the  different  Refrangibility  of  Light. 

Def.  XXV.  Rays  of  light  are  differently  refrangible , when  at  the  fame 
.or  equal  angles  of  incidence,  fome  are  more  turned  out  of  the  way  than 
others. 

Def.  XXVI.  Rays  are  differently  reflexible , when  fome  are  more  eafi- 
ly  reflected  than  others. 

Def.  XXVII.  Light  is  called  homogeneous , when  all  the  rays  are  equal- 
ly refrangible  j and  heterogeneous , when  fome  rays  are  more  refrangible  than 
others. 


Chap.  V.  OF  COLOURS. 

Def.  XXVIII.  The  Colours  of  homogeneous  rays,  are  called  primary 
or  ftmple  colours ; thofe  of  heterogeneous,  fecondary  or  mixed. 

PROP.  CXV.  The  rays  of  the  fun  are  not  all  equally  refrangible  ; 
and  thofe  rays  which  have  a different  degree  of  refrangibility,  have  like- 
wife  a different  colour. 

If  a beam  of  light  SF  from  the  fun  paffes  into  a dark  room  through  F a round  hole  in  a PiAte  7 
window-lhutter  EG,  and  is  received  upon  a white  furface,  a white  round  image  will  be  feen.  Fig.  24 
If  a glafs  prifm  ABC  is  fo  placed  as  to  receive  the  beam  of  light,  the  rays  of  this  beam,  from 
their  refraction  in  paffing  through  the  prifm,  will  be  turned  upwards,  and  the  refratffed  im- 
age PT  will  be  oblong,  having  its  breadth  equal  to  the  diameter  of  the  circular  picture  O. 

If  all  the  rays  were  equally  refracted  upwards,  it  is  manifeft  that  fuch  a refraction  would 
not  change  the  form  of  the  pi£ture.  Since  therefore  the  refracted  image  is  oblong,  it  mult 
be  formed  by  rays  differently  refrangible,  which  fall  with  equal  angles  of  obliquity  upon  BC 
the  firlt  fide  of  the  prifm,  but  are  fome  of  them,  in  refradtion,  turned  more  out  of  the  way 
than  others  ; thofe  rays  which  go  to  P,  the  upper  part  of  the  image,  being  molt  refrangible, 
and  thofe  which  go  to  T,  the  lower  part,  being  lealt  refrangible. 

This  oblong  image  is  of  different  colours  in  different  parts  *,  the  whole  image  being  made 
up  of  rays  of  feven  different  colours,  in  the  following  order,  beginning  with  thofe  which 
are  molt  refrangible  ; violet,  indigo,  blue,  green,  yellow,  orange,  red.  This  refracted  pi&ure 
confilts  of  feveral  round  pictures  fo  near  each  other,  that  each  higher  circle  mixes  in  part  with 
that  below  it,  whence  the  colours  near  the  upper  and  lower  edge  of  each  circle  are  blended. 

The  fules  of  thefe  circles  being  very  near  to  each  other  appear  like  right  lines. 

Exp.  1.  Obferve  the  prifmatic  image  formed  by  the  refraction  of  die  rays  in  palling 
through  a fingle  prifm. 

2.  To  feparate  the  feveral  colours  as  much  as  poffible,  make  the  hole  F in  the  window-  pi3te  7 
fhutter  very  fmall,  and  colleCt  the  rays  which  pafs  through  it,  into  a focus  L,  by  a convex  F'g-  27* 
lensMN.  Let  the  rays  which  have  paffed  through  the  lens  be  now  received  upon  a prifm 
placed  near  the  lens  •,  the  rays  will  be  refracted  upwards  into  an  oblong  image. 

3.  To  prove  that  the  prifmatic  image  is  produced  by  the  different  refrangibility  of  the  Plate  7 
rays,  and  by  no  other  caufe,  let  a fecond  prifm  DPI  be  placed  beyond  the  ffrlt  abc,  at  right  F‘s' 
angles  to  it.  The  rays  paffing  through  this  fecond  prifm  are  refraCted  tideways  ; thofe  which 

were  molt  refraCted  upwards  by  the  firlt  prifm,  are  molt  refraCted  Tideways  by  the  fecond  ; 
but,  the  rays  not  being  fpread  in  breadth,  the  image  remains  of  the  fame  form. 

PROP.  CXVI.  Thole  rays  of  light  which  are  moil  refrangible,  are 
alfo  moll  reflexible. 

If  the  beam  of  light  paffing  through  F falls  upon  a prifm  ABC,  whofe  Tides  AC,  AB,  are  Plate  7 
equal,  and  the  a ngle  at  A a right  angle  ; when  the  obliquity  of  thefe  rays,  as  they  arc  to  pafs 
out  of  the  prifm  at  its  bale  BC,  is  lefs  than  40  degrees,  (by  Cor.  3*  Prop.  XIII.)  the  greateft 
part  of  the  beam  will  pafs  through,  but  fome  rays  will  be  reflected  at  the  furface  BC.  Thofe 

rays 
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rays  which  pafs  through  the  bafe  (by  Prop.  CXV.)  form  an  oblong  coloured  image  at  HG, 
between  the  mod  refrangible  ray  Mil,  and  the  leaf!  refrangible  ray  MG.  If  the  rays  whicli 
are  reflected  from  M are  made  to  pafs  through  another  prifm  XY  V,  they  will  alfo  form  a faint 
oblong  coloured  image  pt.  Now,  if  the  prifm  ACB  is  turned  {lowly  round  upon  its  axis  in 
•the  direction  ACB,  the  obliquity  of  the  rays  FM  to  the  bafe  BC,  will  continually  increafe, 
-till  all  the  rays  will  be  refledded  at  M.  Confequently,  the  image  pt  will  become  much 
brighter  than  before.  And  this  total  rcfledlion  will  not  be  produced  at  once,  but  the  mod  re- 
frangible rays  MH  will  be  firft  entirely  refledded  ; for  the  violet  colour  in  HG  will  fird  dif- 
appear,  and  the  fame  colour  at />  will  fird  become  brighter.  In  like  manner,  as  the  prifm 
ABC  is  turned  round,  each  different  fort  of  ray  will  be  refledded  fooner,  as  it  has  a greater 
degree  of  refrangi'bility.  Hence  it  appears,  that  the  rays  of  the  fun  have  different  degrees  of 
•reflexibility,  and.  that  thofe  which  are  mod  refrangible  are  alfo  mod  reflexible. 

PROP.  CXVII.  Homogeneous  light  is  refra&ed  regularly  without  any 
dilatation  of  the  rays. 

Exp.  When  the  rays  of  any  colour  in  the  oblong  image,  as  green,  are  feparated  from  the 
red,  in  the  manner  deferibed  in  Prop.  CXV.  if  fome  of  thefe  rays  are  tranfmitted  through  a 
fmall  hole  in  a thin  board,  and  refradted  by  a prifm  placed  in  the  other  fide,  the  image  form- 
ed by  thefe  rays  after  refraddion  will  not  be  oblong,  but  circular. 

PROP.  CXVIII.  The  confufed  appearance  of  objedts  feen  through 
refradting  bodies,  is  owing  to  the  different  refrangibility  of  light. 

Exp.  Small  objects  placed  in  a fun  beam  and  viewed  through  a prifm,  will  be  feen  con- 
fufedly  •,  but  if  they  are  placed  in  a beam  of  homogeneous  light  feparated  by  a prifm,  they 
will  appear  as  didindh  through  a prifm,  as  when  viewed  by  the  naked  eye. 

Schol.  I.  Although  the  13th  Propofition  (in  which  it  was  diewn  that  when  a ray  of  the 
fun  is  pafling  out  of  one  medium  into  another,  the  ratio  of  the  fine  of  incidence  to  the  refradd- 
ed  fine  will  not  be  changed  by  changing  the  obliquity  of  the  incident  ray)  proceeds  upon  the 
fuppofition  that  all  rays  are  equally  refrangible,  and  therefore  is  not  exaddly  true  ; the  de- 
mondration  is  ftriddly  applicable  to  any  one  fort  of  rays,  as  the  red  ones,  which  are  equally 
refrangible. 

Schol.  2.  Since,  all  other  circumdances  being  equal,  the  fame  caufe,  namely,  the  pafling 
of  the  rays  out  of  one  given  medium  into  another,  will  turn  the  violet  rays  more  cut  of  the 
xvay  than  the  red  rays  •,  the  attradling  force  which  adds  upon  both  being  the  fame,  it  is  prob- 
able that  any  Angle  ray  of  the  lead  refrangible  fort  contains  a greater  quantity  of  matter  than 
any  Angle  ray  of  the  mod  refrangible  fort. 

PROP.  CXIX.  The  colours  of  homogeneous  light  can  neither  be 
changed  by  refra&ion  nor  reflexion.  ^ 
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Exp.  i.  Let  a beam  of  homogeneous  light  pafs  through  a round  hole  in  a pafteboard,  and 
then  be  refradbed  by  a prifm  on  the  other  fide,  the  colour  of  the  rays  will  remain  the  fame. 

2.  Red  lead,  viewed  in  homogeneous  red  light,  will  be  red,  but  if  placed  in  green,  or  any 
other  homogeneous  light,  it  will  take  the  colour  of  the  rays  which  fall  upon  it. 

PROP.  CXX.  The  whitenefs  of  the  fun’s  light  aiifes  from  a due 
mixture  of  all  the  primary  colours. 

Exp.  If  the  oblong  pi&ure  PT  fall  upon  the  convex  lens  MN,  the  rays,  which  were 
feparated  at  PT,  will,  by  palling  through  the  lens,  be  colle&ed  into  a focus  at  G,  and  form 
a round  image  of  the  fun  upon  a piece  of  paper  DE.  This  image  formed  of  all  the  primary- 
forts  of  rays,  is  white.  That  the  whitenefs  of  the  image  is  owing  to  the  due  mixture  of  all 
the  forts  of  rays,  appears  from  hence,  that,  if  any  of  the  colours  be  intercepted  at  the  lens, 
the  image  lofes  its  whitenefs.  The  paper  being  removed  from  DE  to  de , the  rays,  having 
crolfed  at  G,  will  form  the  prifmatic  image  tp , inverted,  but  diftindb  j from  whence  it  appears, 
that  the  colours  are  not  changed  by  being  mixed  at  the  focus. 

PROP.  CXXI.  The  colours  of  all  bodies  are  either  the  fimple  colours 
of  homogeneous  light,  or  fuch  compound  colours  as  arife  from  a mixture 
of  homogeneous  light. 

Each  fort  of  light  having  a peculiar  colour  of  its  own,  which  no  refraction  or  reflection  can 
alter,  fince  bodies  appear  coloured  only  by  reflected  light,  their  colours  can  be  no  other  than 
the  colour  of  fome  fingle  homogeneous  light,  or  of  a mixture  of  different  forts  of  light. 

PROP.  CXXII.  Water,  air,  glafs,  or  any  other  tranfparent  fubftance, 
when  drawn  into  thin  plates,  become  coloured. 

Exp.  x.  If  a foap-bubble  be  blown  up,  and  fet  under  a glafs  that  the  motion  of  the  air 
may  not  affeCt  it,  as  the  water  glides  down  the  fides  and  the  top  grows  thinner,  feveral 
colours  will  fucceflively  appear  at  the  top,  and  fpread  thernfelves  from  thence  in  rings  down 
the  fide  of  the  bubble,  till  they  vanifh  in  the  fame  order  in  which  they  appeared.  At  laft 
a black  fpot  appears  at  the  top,  and  fpreads  till  the  bubble  burfts. 

2.  If  a piece  of  plane  polifhed  glafs  is  placed  upon  the  objeCl  glafs  of  a long  telefcope,  and 
the  interval  between  them  is  filled  up  with  water,  as  the  glafles  are  prefled  together  the  fame 
colours  arife  at  the  point  of  contaft,  and  fpread  thernfelves  in  circular  rings  round  that  point 
in  the  fame  order  as  the  foap-bubble. 

3*  A convex  and  concave  lens,  of  nearly  the  fame  curvature,  being  prefled  clofely  to- 
gether, exhibit  rings  of  colours  about  the  point  where  they  touch.  Between  the  colours 
there  are  dark  rings,  and  when  the  glafles  are  very  much  comprefled,  the  central  fpot  is 
dark.  Sir  I.  Newton  found  the  thicknefs  of  the  air  between  the  glafles,  where  the  colours 
appeared,  to  be  as  i,  3,  5,  7,  See.  and  the  thicknefs  where  the  dark  rings  appeared,  to  be  as 
o,  2,  4,  6,  8,  &c.  The  coloured  rings  mud  have  appeared  from  the  refledlion  of  the 
light ; and  the  dark  rings  from  the  tranfmiflion  of  it.  Confequently,  the  rays  were  tranf- 
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rmtted  when  the  thicknefs  of  the  air  was,  o,  2,  4,  6,  8,  See.  and  refle&ed  at  the  thicknefies 
1 ? 3>  5>  7>  &c-  Sir  I*  Newton,  therefore,  fuppofed,  that  every,  ray  of  light,  in  its  paflage 
through  any  refradling  furface,  is  put  into  a certain  hate,  which,  in  the  progrefs  of  the  ray, 
returns  at  equal  intervals,  and  difpofes  the  ray,  at  every  return,  to  be  eafily  tranfmitted 
through  the  next  refra&ing  furface,  and,  between  the  returns,  to  be  eafily  reflected  by  it. 
Thefe  he  calls  fits  of  eafy  tranfmiffion  and  refle&ion.  See  Schol.  Prop.  XLVI. 

4.  Two  pieces  of  plate  glafs  wiped  clean,  and  rubbed  together,  will  foon  adhere  with  a 
confiderable  force,  and  exhibit  various  ranges  of  colours.  One  of  the  moll  remarkable  cir- 
cumftances  attending  this  experiment,  is  the  facility  with  which  the  colours  may  be  remov- 
ed, or  even  made  to  difappear,  by  heats  too  low  to  feparate  the  glafies.  A touch  of  the 
finger  immediately  caufes  the  irregular  rings  of  colours  to  contract  towards  their  centre, 
in  the  part  touched. 


Cor.  1.  From  thefe  experiments  it  appears  plain,  that  the  colours  of  bodies  depend  ill 
fome  degree,  upon  the  thicknefs  and  denfity  of  the  particles  that  compofe  them. 

Co"R.  2.  Hence,  if  the  denfity,  or  fize  of  the  particles  in  the  furface  of  a body  be  chang- 
ed, the  colour  is  likewife  changed. 

Schol.  1.  When  the  thicknefs  of  the  particles  of  a body  is  fuch,  that  one  fort  of  colour 
is  reflected,  other  colours  will  be  tranfmitted,  and  therefore  the  body  will  appear  of  the  firfl 
colour.  And,  in  general,  a lefs  thicknefs  is  found  to  be  neceflary  to  refleiSt  the  mod  refrangi- 
ble rays,  as  violet  and  indigo,  than  thofe  which  are  lead  refrangible,  as  red  and  orange. 

Schol.  2.  Sir  I.  Newton,  from  a great  variety  of  experiments  on  light  and  colours,  con- 
cludes that  every  fubdance  in  nature  is  tranfparent,  provided  it  be  made  fufficiently  thin. 
Gold,  when  reduced  into  thin  leaves,  tranfmits  a bluiffi-green  light.  If  we  fuppofe  any 
body,  therefore,  as  gold,  for  indance,  to  be  divided  into  a vad  number  of  plates,  fo  thin 
as  to  be  almod  perfectly  tranfparent ; it  is  evident,  that  all,  or  tire  greated  part  of  the  rays 
will  pafs  through  the  upper  plates,  and  when  they  lofe  their  force,  will  be  reflected  from 
the  under  ones.  They  will  then  have  the  fame  number  of  plates  to  pafs  through,  which 
they  had  penetrated  before ; and  thus,  according  to  the  number  of  thofe  plates  through 
which  they  are  obliged  to  pafs,  the  objedl  appears  one  colour  or  another,  jud  as  the  rings 
of  colour  appeared  in  Exp.  3.  according  to  the  didance  of  the  glades,  or  the  thicknefs  of 
the  plates  of  air  between  them. 

The  philofopher  who  has  of  late  years  mod  didinguilhed  himfelf  on  the  fubject  of  light 
and  colours,  is  Mr.  Delaval,  who,  by  a great  variety  of  well  conduced  experiments,  has 
(hewn  that  colours  are  exhibited,  not  by  refle&ed,  but  by  tranfmitted  light.  This  he  prov- 
ed by  covering  coloured  glafs,  and  other  tranfparent  coloured  media,  on  the  further  furface, 
with  fome  fubdance  pcrfe&ly  opake,  when  he  found  that  they  reflected  no  colour,  but  ap- 
peared perfectly  black. 

He  concludes,  therefore,  that,  as  the  fibres  of  mineral  and  animal  fubdances  are  found, 
when  cleared  of  heterogeneous  matters,  to  be  perfe&Iy  white,  the  rays  of  light  are  reflected 
from  thefe  white  particles,  through  the  coloured  media  with  which  they  are  covered  ; that 
thefe  media  ferve  to  intercept  and  impede  certain  rays  in  their  paflage  through  them,  while 
a free  paflage  being  left  to  others,  they  exhibit,  according  to  thefe  circumdanccs,  different 
colours.  ™r*. 
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Mr.  Delaval  inftituted  other  experiments  with  coloured  fluids  put  into  phials  of  flint  glafs, 
in  the  form  of  a parallelopiped.  The  bottom,  and  three  Tides  of  each  phial,  were  covered 
with  a black  varnifh,  the  neck  and  the  front  being  left  uncovered.  On  expofing  them  to  the 
incident  light,  he  found,  that,  from  the  parts  of  the  phials  which  were  covered,  no  light  was 
reflected,  but  it  was  perfectly  black,  while  the  light  tranfmitted  through  the  uncoated  parts 
of  the  phials  was  of  different  colours.  The  fame  fluids  fpread  thinly  on  a white  ground,  ex- 
hibited their  proper  colours-,  the  light,  indeed,  being,  in  this  cafe,  reflefted  from  a white 
ground,  and  tranfmitted  through  a coloured  medium. 

From  thefe,  and  many  other  experiments,  Mr.  Delaval  concludes,  (i.)  That  the  colouring 
particles  do  not  reflect  any  light.  (2.)  That  a medium,  fuch  as  Sir  I.  Newton  defcribed,  is 
diffufed  over  the  anterior  and  further  fur-faces  of  the  plates,  whereby  objects  are  reflected 
equally  and  regularly,  as  in  a mirror. 

Our  author  next  confiders  the  colouring  particles  themfelves,  unmixed  with  other  media. 
For  this  purpofe,  he  reduced  feveral  tranfparent-coloured  liquors  to  a folid  confidence  by 
evaporation  with  a gentle  heat,  which  does  not  injure  the  colouring  matter;  and  in  this  date 
alfo  the  colouring  particles  reflect  no  light,  but  are  perfectly  black. 

To  determine  the  principle  on  which  opake  bodies  appear  coloured,  it  muff  be  recollect- 
ed, firft,  that  all  the  coloured  liquors  appeared  fuch  only  by  tranfmitted  light ; and,  fecondly, 
that  thefe  liquors  fpread  thinly  upon  white  ground,  exhibited  their  refpeCtive  colours  ; he 
therefore  concludes,  that  all  coloured  bodies,  whicli  are  not  tranfparent,  confift  of  a fub-ftra- 
tum  of  fome  white  fubftance,  which  is  thinly  covered  with  the  colouring  particles. 

On  extracting,  by  means  of  fpirits  of  wine,  the  colouring  matter  from  the  leaves,  wood, 
and  other  parts  of  vegetables,  he  found  that  the  bafis  w-as  a fubftance  perfectly  white.  He 
alfo  extracted  the  colouring  matter  from  different  animal  fubftances,  as  flefh,  feathers,  &c. 
when  the  fame  conclufion  was  obtained.  Flefh  confifts  of  fibrous  veffels,  containing  blood, 
and  is  perfectly  white  when  diverted  of  blood  by  ablution,  and  the  red  colour  proceeds  from 
the  light  which  is  reflected  from  the  white  fibrous  fubftance,  through  the  red  tranfparent  cov- 
ering formed  by  the  blood.  The  refult  was  the  fame  from  an  examination  of  the  mineral 
kingdom. 

Some  portions  of  light  are  reflected  from  every  furface  of  a body,  or  from  every  different 
medium  into  which  it  enters.  Thus  tranfparent  bodies  reduced  to  powder,  and  water  in  the 
fiiape  of  froth,  appear  white,  which  is  no  other  than  a copious  reflection  of  light  from  all 
the  furfaces  of  the  minute  parts,  and  from  the  air  interpofed  between  them. 

For  a full  inveftigation  of  this  curious  and  interefting  fubjeCf,  the  reader  muft  be  referred 
to  the  Memoirs  of  the  Manchefter  Society,  Vol.  II. 

SECT.  II. — Of  the  Rainbow. 

PROP.  CXXIII.  When  the  rays  of  the  fun  fall  upon  a drop  of  rain 
and  enter  into  it,  fome  of  them,  after  one  reflection  and  two  refractions, 
may  come  to  the  eye  of  a fpeCtator,  whofe  back  is  towards  the  fun,  and 
his  face  towards  the  drop. 
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If  the  fun  fnines  upon  XY,  a drop  of  rain,  in  any  lines  SF,  SD,  SA,  &c.  the  greateft 
part  of  the  rays  will  enter  the  drop,  and  paffing  on  to  the  fecond  furface,  will  be  tranfmitted 
through  the  drop.  But  at  PG  in  the  fecond  furface  fome  few  rays  will  be  reflected,  and 
proceed  in  fome  fitch  lines  as  NR,  NQ^;  and  coming  out  of  the  drop  in  the  lines  RV,  QT, 
they  may  fall  upon  the  eye  of  a fpeCtator,  placed  in  thofe  lines  with  his  face  towards  the 
drop.  Thefe  rays  are  refraCted  when  they  enter  the  drop,  reflected  from  the  fecond  furface, 
and  again  refraCted  when  they  come  out  of  the  drop. 


Def.  XXIX.  When  rays  of  light  refle&ed  from  a drop  of  rain  come 
to  the  eye,  thofe  rays  which  excite  a perception  of  light,  are  called  ef- 
fectual. 

PROP.  CXXIV.  When  rays  of  light  come  out  of  a drop  of  rain,  they 
will  not  be  effectual,  unlefs  they  are  parallel  and  contiguous. 

Moft  of  the  rays,  which  enter  the  drop  between  X and  A,  paffing  out  of  the  hinder  fur- 
face between  P and  G,  only  a few  rays  are  reflected,  and  come  out  of  the  drop  through  the 
nearer  furface  between  A and  Y.  Now  of  thefe,  only  the  rays  which  are  parallel  to  one 
another  will  be  effectual,  becaufe  if  they  diverge  they  will  be  fo  far  afunder  when  they  come 
to  the  eye,  that  only  a very  few  of  them  can  enter  the  pupil,  and  no  perception  of  colours 
will  be  excited.  Alfo,  unlefs  feveral  parallel  rays  be  very  near  each  other,  the  rays  will  be 
too  few  to  create  any  perception. 

PROP.  CXXV.  When  rays  of  light  come  out  of  a drop  of  rain  after 
one  reflection,  thofe  will  be  effectual  which  are  reflected  from  the  fame 
point,  and  enter  the  drop  near  one  another. 

Any  rays  AB,  CD,  when  they  have  pafled  out  of  the  air  into  a drop  of  water,  will  be 
refracted  towards  the  perpendiculars  BL,  DL,  by  Prop.  XI.  And  as  the  ray  AB  falls  farther 
from  the  axis  than  the  ray  CD,  AB  will  be  more  refraCted  than  CD  : fo  that  thefe  rays, 
though  parallel  to  one  another  at  their  incidence,  may  deferihe  the  lines  BE,  DE,  after  re- 
fraction, and  be  both  of  them  reflected  from  one  and  the  fame  point  E.  Now  all  rays  which 
are  thus  reflected  from  one  and  the  fame  point,  when  they  have  deferibed  the  lines  EF,  EG, 
and  after  reflection  emerge  at  F and  G,  will  be  fo  refraCted,  when  they  pafs  out  of  the  drop 
into  the  air,  as  to  deferibe  the  lines  FH,  GI,  parallel  to  one  another.  If  thefe  rays  were  to 
return  from  E in  the  lines  EB,  ED,  and  were  to  emerge  at  B and  D,  they  would  be  refraCted 
into  the  lines  of  their  incidence  BA,  DC,  (by  Prop.  XII.)  But  if  thefe  rays,  inftead  of  being 
returned  in  the  lines  EB,  ED,  are  reflected  from  the  fame  point  E in  the  lines  EG,  EF,  the 
lines  of  reflection  EG  and  EF  will  be  inclined  both  to  one  another  and  to  the  furface  of  the 
drop,  juft  as- much  as  the  lines  EB  and  ED  are.  Firfl,  EB  and  EG  make  juft  the’ fame  angle 
with  the  furface  of  the  drop  *,  for  the  angle  BEX,  which  EB  makes  with  the  furface  of  the 
drop,  is  the  complement  of  incidence,  and  the  angle^GE  Y,  which  EG  makes  with  the  furface, 
is  the  complement  of  reflection  ; and  thefe  two  are  equal  to  one  another,  by  Prop.  XLV.> 
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In  the  fame  manner  we  might  prove  that  ED  and  EF  make  equal  angles  with  the  furface  of 
the  drop.  Secondly,  the  angle  BED  is  equal  to  the  angle  FEG,  or  the  refle&ed  rays  EG,  EF, 
and  the  incident  rays  BE,  DE,  are  equally  inclined  to  each  other.  For  the  angle  of  incidence 
BEL  is  equal  to  the  angle  of  reflection  GEL,  and  the  angle  of  incidence  DEL  is  equal  to  the 
angle  of  reflection  FEL,  by  Prop.  XII.  Confequently,  the  difference  between  the  angles  of 
incidence  is  equal  to  the  difference  between  the  angles  of  reflection,  or  BEL — DEL  is  equal 
to  GEL — FEL,  or  BED  to  GEF.  Since  therefore  either  the  lines  EG,  EF,  or  the  lines  EB, 
ED,  are  equally  inclined  both  to  one  another  and  to  the  furface  of  the  drop,  the  rays  will  be 
refracted  in  the  fame  manner,  whether  they  were  to  return  in  the  lines  EB,  ED,  or  are  re- 
flected in  the  lines  EG,  EF.  But  if  they  were  to  return  in  the  lines  EB,  ED,  the  refraction, 
when  they  emerge  at  B and  D,  would  make  them  parallel.  Therefore  if  they  are  reflected 
from  one  and  the  fame  point  E in  the  lines  EG,  EF,  the  refraction,  when  they  emerge  at  G 
and  F,  will  likewife  make  them  parallel. 

Farther,  in  order  to  render  the  rays  which  emerge  at  F and  G effectual,  they  muff  not  only 
emerge  in  a direction  parallel  to  each  other,  but  muft  enter  the  drop  nearly  at  the  fame  place. 

Let  XY  be  a drop  of  rain,  AG  the  axis  or  diameter  of  the  drop,  and  SA  a ray  of  light, 
that  comes  from  the  fun  and  enters  the  drop  at  the  point  A.-  This  ray  SA,  beeaufe  it  is  per- 
pendicular to  both  the  furfaces,  will  pafs  flraight  through  the  drop  in  the  line  AGH  without 
being  refracffed,  by  Prop.  XIV.  But  any  collateral  rays  that  fall  about  SB,  as  they  pafs 
through  the  drop,  will  be  made  to  converge  to  their  axis,  and  paffir.g  out  at  N will  meet  the 
axis  at  H,  by  Prop.  XI.  Rays  which  fall  farther  from  the  axis  than  SB,  fuch  as  thcfe  which 
fall  about  SC,  will  likewife  be  made  to  converge  ; but  then  their  focus  will  be  nearer  to  the 
drop  than  H,  by  Prop.  XI.  Suppofe  therefore  1 to  be  the  focus  to  which  the  rays  that  fall 
about  SC  will  converge  ; any  ray  SC,  when  it  has  defcribed  the  line  CO  within  the  drop, 
and  is  tending  to  the  focus  I,  will  pafs  out  of  the  drop  at  the  point  O.  The  rays,  that  fall 
upon  the  drop  about  SD  more  remote  ftill  from  the  axis,  will  converge  to  a focus  ftill  nearer 
than  I,  fuppofe  at  K,  by  Prop.  XXI.  note.  Thefe  rays  therefore  go  out  of  the  drop  at  P.  'i  he 
rays,  that  fall  Hill  more  remote  from  the  axis,  as  SE,  will  converge  to  a focus  nearer  than  K, 
as  fuppofe  at  L ; and  the  ray  SE,  when  it  has  defcribed  the  line  EO  within  the  drop,  and  is 
tending  to  L,  will  pafs  out  at  the  point  O.  The  rays,  that  fall  ftill  more  remote  from  the 
axis,  will  converge  to  a focus  ftill  nearer.  Thus  the  ray  SF  will,  after  refra&ion,  converge 
to  a focus  at  M,  which  is  nearer  than  L,  and  having  defcribed  the  line  FN  within  the  drop,  it 
wiil  pafs  out  at  the  point  N.  Now  here  we  may  obferve,  that  as  any  rays  SB  or  SC  fall 
farther  above  the  axis  SA,  the  points  N or  O,  where  they  pafs  out  behind  the  drop,  will  be 
farther  above  G,  or,  that  as  the  incident  ray  rifes  from  the  axis  SA,  the  arc  GNO  increafes, 
till  we  come  to  fome  ray  SD,  which  pafles  out  of  the  drop  at  P,  and  this  is  the  higheft  point 
where  any  ray,  that  falls  upon  the  fide  AX,  can  pafs  out  : for  any  rays  SE,  or  SF,  that  fall 
higher  than  SD,  will  not  pafs  out  in  any  point  above  P,  but  at  the  points  O,  or  N,  which  are 
below  it.  Confequently,  though  the  arc  GNOP  increafes,  whilft  the  diftance  of  the  incident 
ray  from  the  axis  SA  increafed,  till  we  came  to  the  ray  SD  ; yet  afterwards  the  higher  the 
ray  falls  above  the  axis  SA,  this  arc  PONG  will  decreafe. 

As  there  are  many  rays  which  pafs  out  of  the  drop  between  G and  P,  fo,  by  Prop.  XLIII. 
fome  few  rays  will  be  reflected  from  tl*enjce  ; and  confequently,  the  fevcral  points  between 
Q and  P,  which  are  the  points  where  fome  of  the  rays  pafs  out  of  the  drop,  are  likewife  the 
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points  of  reflection  for  the  reft,  which  do  not  pafs  out.  Therefore  in  refpeCt  of  thofe  rays 
which  are  reflected,  we  may  call  GP  the  arc  of  reflection,  and  may  fay  that  this  arc  of  reflec- 
tion increafes,  as  the  diftance  of  the  incident  ray  from  the  axis  SA  increafes,  till  we  come  to 
the  ray  SD  ; the  arc  of  reflection  is  GN  for  the  ray  S13,  it  is  GO  for  the  ray  SC,  and  GP  for 
the  ray  SD.  But  after  this,  as  the  diftance  of  the  incident  ray  from  the  axis  SA  increafes, 
the  arc  of  reflection  decreafes  ; for  OG,  lefs  thanPG,  is  the  arc  of  reflection,  for  the  ray  SE, 
and  NG  is  the  arc  of  reflection  for  the  ray  SF. 

From  hence  it  is  obvious,  that  fame  one  ray,  which  falls  above  SD  may  be  reflected 
from  the  fame  point  with  fome  other  ray,  which  falls  below  SD.  Thus,  for  inftance,  the  ray 
SB  will  be  reflected  from. the  point  N,  and  the  ray  SF  will  be  reflected  from  the  fame  point  \ 
and  confequently,  when  the  reflected  rays  NR,  NQ^,  are  refraCted  as  they  pafb  out  of  the 
drop  at  R and  Q^,  they  will  be  parallel,  by  .what  has  been  {hewn  in  the  former  part  of 
this  Prop.  But  fince  the  intermediate  rays  which  enter  the  drop  between  S,F  and  SB,  are  not 
reflected  from  the  fame  point  N,  thefe  two  rays  alone  will  be  parallel  to  one  another  when 
they  come  out  of  the  drop,  and  the  intermediate  rays  will  not  be  parallel  to  them.  And  con- 
fequently, thefe  rays  RV,  QT,  though  they  are  parallel,  after  they  emerge  at  R and  Q_,  will 
not  be  contiguous,  and  for  that  reqfon  will  not  be  effectual,  by  Prop.  CXXIV.  The  ray  SD 
is  reflected  from  P,  which  has  been  {hewn  to  be  the  limit  of  the  arc  of  reflection  ; fuch  rays, 
as  fall  juft  above  SD  and  juft  below  SD,  will  be  reflected  from  nearly  the  fame  point  P,  as 
appears  from  what  has  been  already  fhewn.  Thefe  rays  therefore  will  be  parallel,  becaufe 
.they  are  reflected  from  the  fame  joint  P ; and  they  will  likewife  be  contiguous,  becaufe  all 
of  them  enter  the  drop  at  one  and  the  fame  place,  very  near  to  D.  Confequently  fuch  rays, 
as  enter  the  drop  at  D and  are  reflected  from  P the  limit  of  the  arc  of  reflection,  will  b$ 
.effectual,  by  Prop.  CXXIV.  fince  when  they  emerge  at  the  part  of  the  drop  between  A and 
y,  they  will  be  both  parallel  and  contiguous. 

PROP.  CXXVI.  When  rays  which  are  effectual  emerge  from  a drop 
of  rain  after  one  reflection  and  two  refractions,  thofe  which  are  moft  re- 
frangible will,  at  their  emerfion,  make  a lefs  angle  with  the  incident  rays 
than  thofe  do  which  are  leafl:  refrangible  ; by  which  means,  the  rays  of 
different  colours  will  be  feparated  from  one  another. 

Let  FH,  GI,  be  effectual  violet  rays  emerging  from  the  drop  at  F,  H ; and  FN,  GP, 
effectual  red  rays  emerging  from  the  fame  drop  at  the  fame  points.  The  violet  rays  (by 
Prop.  CXXIV.)  are  parallel  among  themfelves,  becaufe  they  are  effectual  : for  the  fame 
reafon  the  red  rays  are  parallel  among  themfelves  : but  on  account  of  the  difference  of  re- 
frangibility  of  the  violet  and  red  rays,  the  violet  ray  GI  is  not  parallel  to  the  red  ray  GP, 
but  they  diverge  from  the  point  G ; and  fo  of  the  reft.  Both  the  violet  ray  GI  and  the  red 
ray  GP  are  refraCted  from  the  perpendicular  LO,  but  (by  Prop.  CXV.)  GI  more  than  GP  ; 
whence  the  angle  IGO  is  greater  than  the  angle  PGO.  If  the  incident  ray  AB  be  continued 
in  the  direction  ABK,  and  if  IG  and  PG  be  continued  backward  till  they  meet  AB  in  K and 
W,  the  angle  IK  A is  that  which  the  violet  or  moft  refrangible  ray  makes  at  its  emerfion  with 
the  incident  ray,  and  PW A that  which  the  red  or  leaft  refrangible  ray  makes  with  the  fame. 
And  the  angle  IKA  (El,  I.  x 6.)  is  lefs  than  the  exterior  angle  PWA,  The  fame  may  be 
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proved  concerning  the  rays  FH,  FN,  or  any  other  rays  which  emerge  refpcCtively  parallel  to 
GI  and  GP.  But  (by  Prop.  CXXIV.)  all  the  effectual  violet  rays  are  parallel  to  GI,  and  all 
the  effectual  red  rays  are  parallel  to  GP.  Therefore  the  effectual  violet  rays  at  their  emerfion 
make  a lefs  angle  with  the  incident  rays  than  the  effectual  red  rays.  And  univerfally  the  more 
refrangible  rays,  at  their  emerfion,  make  a lefs  angle  with  the  incident  rays  than  thofe  which 
are  lefs  refrangible.  And  fince  the  effectual  rays  GI,  GP,  of  different  colours  make  different 
angles  with  the  incident  ray  AK  at  their  emerfion,  they  will  be  feparated  from  one  another  : 
fo  that  if  the  eye  was  placed  in  the  beam  FGHI,  it  would  receive  only  rays  of  one  colour 
from  the  drop  XY,  and  in  FGNP  only  rays  of  another  colour. 

Schol.  The  angle  which  the  effectual  red  rays  make  with  the  incident  rays  is  found  to 
be  420.  20/.  that  of  the  violet  rays  4c0.  1 7'. 

Exp.  Let  a glafs  globe  filled  with’ water  be  expofed  to  the  rays  of  the  fun  : let  the  eye  of 
the  fpeCtator  be  fo  fituated,  that  the  lead;  refracted  ray  from  the  drop,  coming  to  the  eye,  fliall 
make  an  angle  of  about  42°.  with  the  line  paffing  through  the  eye  and  the  fun,  the  red  rays 
only  will  be  feen  : if  the  place  of  the  eye  be  changed,  fo  as  to  enlarge  this  angle,  the  red  will 
difappear  j but  if  the  angle  be  leffened,  the  colours  of  the  more  refrangible  rays  will  appear, 

PROP.  CXXVIL  If  a line  is  fuppofed  to  be  drawn  from  the  centre 
of  the  fun  through  the  eye  of  the  fpeCtator,  the  angle  which  any  effectual 
ray  after  two  refractions  and  ^>ne  reflection  makes  with  the  incident  ray, 
will  be  equal  to  the  angle  which  it  makes  with  that  line. 

Let  I be  the  place  of  the  eye  of  the  fpeCtatof  ; QT  a line  drawn  from  the  centre  of  the  plate  8, 
fun  through  the  eye  ; and  AB  a ray  coming  from  die  centre  of  the  fun.  Thefe  two  lines  FiS-  a* 
AB,  QT,  on  account  of  the  great  diftance  of  the  fun,  may  be  looked  upon  as  parallel. 
Therefore  (El.  I.  29.)  the  alternate  angles  AKI,  KIT,  or  GIT,  are  equal. 

PROP.  CXXVIII.  When  the  fun  fhines  upon  the  drops  of  rain  as 
they  are  falling,  the  rays  which  come  from  thofe  drops  to  the  eye  of  the 
fpeCtator,  after  one  reflection  and  two  refractions,  produce  the  innermofl. 
or  primary  rainbow. 

Let  Th  Y be  the  innermoft  or  primary  rainbow,  the  outer  part  of  which  TFY  is  red,  the  Plate  8. 
inner  part  VDX  violet,  and  the  intermediate  parts  reckoning  from  the  red  to  the  violet,  orange,  Flg' 
yellow,  green,  blue,  indigo.  Suppofe  the  fpeCtator’s  eye  at  A ; and  let  AI  be  an  imaginary 
line  from  the  centre  of  the  fun  to  the  eye  of  the  fpeCtator.  If  a beam  of  light  S coming  from 
the  fun  falls  upon  any  drop  F,  and  the  effectual  rays  which  emerge  at  F make  an  angle  FA1 
of  4a0.  2'.  with  the  line  AI,  thefe  rays  (by  Prop.  CXXVII.)  make  the  fame  angle  with  the 
incident  rays,  and  confequently  are  red.  Hence  the  drop  F will  appear  red  ; for  all 
the  other  rays  which  emerge  from  F,  and  would  be  effectual  if  they  fell  upon  the  eye, 
being  refraCted  more  than  the  red  rays,  will  pafs  above  the  eye.  If  another  beam  of  light 
S falls  upon  the  drop  D,  and  the  effectual  rays  emerging  at  H make  an  angle  of  40°.  17L 
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with  the  incident  rays,  the  drop  D will  he  of  a violet  colour  : for  all  the  other  raya 
which  emerge  from  H,  and  would  be  effectual  if  they  came  to  the  eye,  being  refratted  left 
than  the  violet  rays,  will  pars  below  the  eye.  The  intermediate  drops  between  F and  D 
will  for  the  fame  reafons  be  of  the  intermediate  colours.  And  that  which  has  been 
proved  concerning  the  drops  in  the  line  FD,  may  be  {hewn  of  any  other  fet  of  drops  in 
which  the  angles  made  by  the  emerging  and  incident  rays  are  equal.  Thus,  wherever  a 
drop  of  rain  is  placed,  if  the  angle  which  the  effectual  rays  make  with  AI  is  equal  to  the 
angle  FAI,  or  is  42°.  2'.  any  fuch  drop  will  appear  red.  If  FAI  was  turned  round  upon 
the  line  Al,  fo  that  one  end  of  this  line  ihould  always  be  at  the  eye,  and  the  other  at  I oppofite 
to  the  fun,  in  this  revolution  the  drop  F would  defcribe  a circle,  of  which  I would  be  the 
centre,  and  TFY  an  arc.  And  Cnee  in  this  revolution  the  angle  FAI  Continues  the  fame,  if 
the  fun  was  to  fliine  upon  this  drop  as  it  revplves,  the  effe&ual  rays  (by  Prop.  CXXVII.) 
would  make  the  fame  angle  with  the  incident  rays  in  whatever  part  of  the  arc  TFY  the  drop 
may  happen  to  be  j and  consequently  in  whatever  part  of  the  arc  the  drop  F is,  it  will  appear 
red.  Now  as  innumerable  drops  are  falling  at  once  in  right  lines  from  the  cloud,  whilft  one 
drop  is  at  F,  there  will  be  others  at  T,  Y,  and  every  other  part  of  the  arc,  which  will  appear 
red  in  the  fame  manner  thatF  would  have  done  in  the  fuppofed  circular  revolution.  Therefore 
when  the  fun  {bines  upon  the  rain,  there  will  be  a red  arc  TFY  produced  oppoCte  to  the  fun. 
In  like  manner  a violet  arc  VDX  will  be  produced,  and  other  intermediate  arcs  of  the  feverai 
intermediate  colours,  which  will  together  make  up  the  primary  rainbow. 

Schol.  Cafcades  and  fountains,  whofe  waters,  in  &eir  fall,  are  divided  into  drops,  will 
exhibit  rainbows  to  a fpedlator,  properly  fituated,  during  the  time  of  the  fun’s  {hining. ' This 
appearance  is  alfo  feen  by  moon  light,  though  feldom  fufficiently  vivid  to  render  the  colours 
dibinguidiable.  Dr.  Gregory,  in  his  excellent  Economy  of  Nature,  fays,  that  he  once  faw  a 
lunar  bow,  it  was  in  autumn,  the  night  was  uncommonly  light  but  Ihowery,  and  the  colours 
much  more  vivid  than  he  could  have  conceived.  There  were  not  fo  many  colours  diftinguiflia- 
ble  as  in  the  folar  bow.  Coloured  bows  have  been  feen  on  graft  formed  by  the  refradtion  of 
fun’s  rays  in  the  morning  dew. 

Artificial  rainbows  may  be  produced  by  candle  light  on  the  drops  of  water  ejedted  by  a 
fmall  fountain,  or  jet  d’eau,  or  from  the  bream  emitted  from  an  oeolipile.  But  the  molt 
natural  and  pleafing  is  by  means  of  the  air  fountain,  the  jet  of  which  is  perforated  with  a 
great  number  of  very  fine  holes  from  which  the  water  fpouts  fo  as  to  form  a kind  of  fluted 
column.  The  rainbow  is  formed  by  the  fun’s  rays,  for  the  fpedfator  has  only  to  place  the 
fpouting  breams  diredtly  in  the  fun’s  beams,  with  his  own  back  to  the  fun,  and  being  in  a 
direct  line  with  the  fun  and  centre  of  the  jet,  by  booping  his  head  to  a certain  degree,  he 
will  difeover  the  beautiful  appearance  of  the  natural  prifmatic  colours,  and  a fmall  rainbow, 
on  the  fame  principle  as  thofe  which  are  feen  in  the  time  of  rain  and  fun-lhine. 

PROP.  CXXIX.  The  primary  rainbow  is  never  a greater  arc  than  a 
femicircle. 

Since  the  line  AI  is  drawn  from  the  fun  through  the  eye  of  the  fpedlator,  and  through  I 
the  centre  of  the  rainbow,  this  centre  is  always  oppofite  to  the  fun.  And  fince  the  angle 
FAI  is  an  angle  of  42°.  2'.  F the  higheb  part  of  the  bow  is  420.  2'.  from  I its  centre.  If 
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therefore  the  fail  is  more  than  420.  2'.  above  the  horizon,  I,  which  is  Oppfliite  to  it,  mufl: 
be  more  than  420.  2'.  below  the  horizon,  and  no  primary  rainbow  will  be  feen.  As  much 
as  the  altitude  of  the  fun  is  lefs  than  420.  2'.  fo  much  will  the  higheft  point  F of  the  rainbow 
be  above  the  horizon  : and  when  the  fun  is  in  the  horizon,  I the  centre  of  the  bow  will  alfo  be 
in  the  horizon  on  the  oppofite  fide,  and  half  the  circle  will  be  villble  ; but  when  the  fun  is  fet, 
no  bow  can  be  feen. 
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PROP.  CXXX.  When  the  rays  of  the  fun  fall  upon  a drop  of  rain,  fome 
of  them  after  two  reflections  and  two  refractions  may  come  to  the  eye  of  a 
fpeClator,  who  has  liis  back  towards  the  fun  and  his  face  towards  the  drop. 

If  parallel  rays  from  the  fun,  Z V,  YW,  fall  upon  the  lower  part  of  the  drop  of  rain  BGW,  Plate  8. 
they  will  be  refraCted  towards  the  perpendiculars  VL,  WL,  in  entering  the  drop,  and  proceed  ** 
in  the  direction  VH,  WI.  At  III  fome  part  of  thefe  rays  will  (by  Prop.  XL1II.)  be  reflected 
into  the  directions  HF,  IG.  And  fome  of  thefe  rays  will  be  again  reflected  at  F,  G,  into  the 
directions  FB,  GB  ; which  rays,  when  they  emerge  out  of  the  drop  at  B and  D,  will  be  re- 
fraCted  from  the  perpendiculars,  and  may  come  to  the  eye  of  a fpeCtator  whofe  back  is  to- 
wards the  fun  and  his  face  towards  the  drop. 


PROP.  CXXXI.  Thofe  rays  which  are  parallel  to  one  another  after 
they  have  been  once  refraCted  and  once  reflected  in  a drop  of  rain,  will  be 
effectual  when  they  emerge  after  two  refractions  and  two  reflections. 

The  contiguous  rays  ZV,  YW,  being  refraCted  towards  the  perpendiculars  VL,  WL,  Plate  8. 
when  they  enter  the  drop,  will  (by  Prop.  XVIII.)  become  convergent ; and  becaufe  thefe  rays  F’s' 5* 
fall  upon  the  drop  very  obliquely,  their  focus  will  not  be  far  from  the  furface  VW.  If  this 
focus  is  at  Iv,  the  rays  after  they  have  puffed  the  focus,  will  diverge  from  thence  in  the  direc- 
tions KH,  KI  : and,  if  KI  is  the  focal  dillance  of  the  concave  reflecting  furface  HI,  the  re- 
flected rays  HF,  IG,  (by  Prop.  L.)  will  be  parallel.  Thefe  rays  are  reflected  again  from  the 
concave  furface  FG,  and  will  meet  in  a focus  at  E,  fo  that  GE  will  be  the  focal  dillance  of 
this  reflecting  furface  : and  becauf:  HI,  FG,  are  parts  of  the  fame  fphere,  the  focal  diflances 
GE,  KI,  arc  equal.  When  the  rays  have  palled  the  focus  E,  they  will  diverge  in  the  lines 
EB,  ED.  Now,  if  the  rays  VK,  WK,  when  they  have  met  at  K,  were  to  be  turned  back  in 
the  directions  KV,  KW,  on  emerging  at  V and  W,  they  would  (by  Prop.  XX.)  be  refraded 
into  the  lines  of  incidence,  and  become  parallel.  But  fn.ee  GE  is  equal  to  IK,  the  rays  ED, 

EB,  which  diverge  from  E,  fall  in  the  fame  manner  upon  the  drop  at  D and  B,  as  the  rays  KV, 

KW,  would  fail  upon  it  at  V and  W,  and  EB,  EB,  have  the  fame  inclination  to  die  refracting 
furface  DB,  as  KV,  KW,  would  have  to  VW  : whence  the  rays  ED,  EB,  emerging  atD  and 
B,  v’ ill  be  refracted  in  the  fame  manner,  and  will  have  the  fame  lituation  with  refpeCt  to  one 
l another,  as  KV,  KW,  would  have,  that  is,  will  he  parallel  to  one  another  : having  been  contig- 
uous before  their  entrance  into  the  drop,  they  will  therefore  (by  Prop.  CXXI V.)  be  effectual. 
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PROP.  CXXXII.  When  effe&ual  rays  emerge  from  a drop  of  rain 
after  two  reflections  and  two  refractions,  thofe  which  are  moft  refrangible 
will  at  their  emerfion  make  a greater  angle  with  the  incident  rays  than 
the  leaft  refrangible  will  make  with  them  ; by  which  means  the  rays  of 
different  colours  will  be  feparated. 

Let  BM,  BA,  a violet  and  a red  ray,  emerge  from  B ; the  angle  which  the  violet  ray 
BM  makes  with  the  incident  ray  YW  is  YrM  ; and  that  which  the  red  ray  BA  makes  with 
the  fame  is  YSA.  And  fince  BSY,  the  external  angle  of  the  triangle  BrS,  is  (El.  I.  16.) 
greater  than  the  internal  angle  BrS  or  BrY  ; YrM,  the  complement  of  BrS,  is  greater  than 
YSA  the  complement  of  BSY.  Confequently,  fince  the  emerging  rays  make  different  angles 
with  the  fame  incident  ray,  the  refraction  which  they  fuffcr  at  emerfion  will  feparate  them 
from  one  another. 

Schol.  The  angle  which  the  violet  rays  make  with  the  incident  ones  is  found  to  be 
54°.  7'.  and  that  of  the  red  rays  50°.  57'. 

PROP.  CXXXIII.  If  a line  is  fuppofed  to  be  drawn  from  the  centre 
of  the  fun  through  the  eye  of  the  fpeCtator,  the  angle  which,  after 
two  refractions  and  two  reflections,  any  effectual  ray  makes  with  the  in- 
cident ray,  will  be  equal  to  the  angle  which  it  makes  with  that  line. 

If  YW  be  an  incident  ray,  and  BA  an  effectual  ray,  and  AO  a line  drawn  from  the 
centre  of  the  fun  through  A the  eye  of  the  fpeCtator,  YW  and  AO  may  be  confidered  as 
parallel  ; whence  the  alternate  angles  YSA,  SAO,  (El.  I.  29.)  will  be  equal. 

PROP.  CXXXIV.  When  the  fun  fhines  upon  the  drops  of  rain  as 
they  are  falling,  the  rays  which  come  from  thofe  drops  to  the  eye  of  the 
fpeCtator  after  two  reflections  and  two  refractions,  produce  the  outermoft 
or  fecondary  rainbow. 

When  the  fun  fhines  upon  a drop  of  rain  E in  the  outer  edge  of  the  fecondary  rainbow 
CBD,  the  effectual  violet  ray  EA  (by  Prop.  CXXXII.  Schol.)  makes  an  angle  EAI  of 
540.  7'.  with  AI  a line  drawn  from  the  fun  through  the  eye  of  the  fpeCtator,  and  therefore 
(by  Prop.  CXXXIII.)  makes  the  fame  angle  with  the  incident  ray  SB.  Therefore  if  the 
fpeCtator’s  eye  is  at  A,  all  the  rays  except  the  violet,  will  (by  Prop.  X.)  make  a lefs  angle 
with  AI  than  EA,  and  fall  above  the  fpeCtator’s  eye.  In  like  manner  it  may  be  {hewn,  that 
from  the  drop  E only  red  rays  will  come  to  the  fpeCtator’s  eye,  the  reft  falling  below  it ; 
and  that  the  rays  emerging  from  the  intermediate  drops  between  E and  F,  and  coming  to  A, 
will  emerge  at  intermediate  angles,  and  prefent  to  the  eye  the  intermediate  colours.  If  EAI 
be  conceived  to  turn  round  upon  the  line  AI,  in  fuch  a revolution  of  the  drop  E,  the  angle 
EAI  would  remain  the  fame,  and  confequently  the  emerging  rays  would  make  the  fame  angle 
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with  the  incident  rays.  But  in  fuch  a revolution  the  drop  E would  defcribe  a circle,  of  which 
I would  be  the  centre,  and  CBD  an  arc.  Confequently,  fince  the  emerging  rays  make  the 
fame  angle  with  the  incident  ones  when  the  drop  is  at  any  other  part  of  the  arc  as  at  E,  the 
colour  of  the  drop  will  be  violet  to  an  eye  placed  at  A,  in  whatever  part  of  the  arc  the  drop 
is  placed.  Now,  fince  there  are  innumerable  drops  of  rain  falling  at  once,  whilft  one  drop  is 
at  E there  will  be  others  in  all  parts  of  the  arc,  which  will  all  appear  violet-coloured,  for  the 
fame  reafon  that  E would  have  appeared  of  this  colour  in  any  other  part  of  the  arc.  In  like 
manner,  as  the  drop  F appears  red  at  F,  and  at  any  part  of  the  arc  FD,  fo  will  any  other  fall- 
ing drop  when  it  comes  to  any  part  of  that  arc.  The  intermediate  arcs  are  formed  in  the 
fame  manner  with  the  violet  arc  CBD,  and  the  red  arc  FD  •,  and  thus  the  whole  fecondary 
rainbow  is  produced. 

PROP.  CXXXV.  The  colours  of  the  fecondary  rainbow  are  fainter 
than  thofe  of  the  primary,  and  are  ranged  in  the  contrary  order. 

At  every  refieXion  many  rays  pat's  out  of  the  drop  without  being  refleXed  ; confequentlyj 
,lhe  fecondary  rainbow  which  is  produced  after  two  reflexions,  is  formed  by  fewer  rays  than 
the  firft,  which  is  produced  after  one  refieXion. 

Again,  in  the  primary  bow,  the  violet  rays,  when  they  emerge  effeXually,  make  a lefs  an-  piate  8. 
gle  with  the  incident  rays  (by  Prop.  CXXVI.)  and  therefore  (by  Prop.  CXXVII.)  with  the  flS-  3- 
line  AI,  than  the  red  rays.  But  the  rays  are  here  only  once  refleXed,  and  the  angle  which 
the  effeXual  rays  make  with  AI  is  the  diftance  of  the  coloured  drop  from  I the  centre  of  the 
bow.  Therefore  the  violet  arc  in  the  primary  bow  will  be  nearer  to  the  centre  of  the  bow 
than  the  red  arc,  that  is,  the  innermoft  colour  will  be  violet,  and  the  outermofl  red.  But 
in  the  fecondary  rainbow,  the  rays  are  twice  refleXed;  and  (by  Prop.  CXXXII.)  the  violet 
rays,  which  emerge  fo  as  to  be  effeXual  after  two  refleXions,  make  a greater  angle  with  the 
incident  rays,  that  is,  with  the  line  AI  than  the  red  ones ; which  angle  is  the  diftance  of 
the  violet  arc  from  I the  centre  of  the  bow.  Therefore  the  violet  arc  in  the  fecondary  bow 
will  be  farther  from  the  centre  of  the  bow  than  the  red  arc ; that  is,  the  outermofl;  colour 
is  violet,  and  the  innermoft  red. 

/ 

PROP.  CXXXVI.  The  fecondary  rainbow  is  never  a greater  arc  than 
a femicircle. 

This  is  proved  in  the  fame  manner  as  Prop.  CXXIX.  with  this  difference,  that,  fince  the 
rays  of  the  higheft  colour  in  the  fecondary  bow  make  an  angle  of  540.  7'.  with  AI,  this  bow 
will  begin  to  appear  when  the  altitude  of  the  fun  is  lefs  than  540.  7 ' . and  when  the  fun  is 
in  the  horizon  on  one  fide,  this  bow  will  have  its  centre  in  the  horizon  on  the  other  fide  At 
the  diftance  of  540.  7'.  from  its  higheft  point. 
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Of  Optical  Instruments. 

SECT.  I. — Of  Telescopes. 

Def.  XXX.  An  Afiroiiomical  'Telefcope  confifts  of  two  convex  lenfes, 
whole  diftance  from  each  other  is  equal  to  the  fum  of  their  principal  foci  : 
that  lens  which  is  towards  the  objedt,  is  called  the  objcEl-glafs  ; that  which 
is  next  the  eye,  is  called  the  eye-glafs . 

If  NL  is  one  convex  lens,  whofe  focal  diftance  is  MF,  and  BD  another,  whofe  focal  dif- 
tance  is  CF  ; and  if  thefe  are  fo  placed  that  the  diftance  between  them  is  equal  to  MF  add- 
ed to  CF,  that  is,  MC,  they  form  an  aftronomical  telefcope. 

PROP.  CXXXVII.  Very  remote  objedts,  feen  through  an  aftronomi-* 
cal  telefcope,  appear  diftindt  and  inverted. 

Let  PM,  PL,  PN,  he  rays  coming  (by  Prop.  VIII.)  parallel  from  the  middle  point  in  a 
very  diftant  objedt  : let  AN,  AM,  AL,  come  from  the  bigheft  point,  and  QN,  QM,  QL, 
come  from  the  lowed  point.  Thefe  parallel  rays  will  (by  Def.  XVIII.)  be  collected  into 
the  focus,  and  there  form  an  image  of  the  object,  which  (by  Prop.  LXXXII.)  forms  the  ob- 
jedt  of  refradted  vifion.  But,  by  the  conftrudtion  of  the  telefcope,  GFE  is  the  focus  of  the 
eye-glafs.  Confequently,  the  rays  which  diverge  from  any  point  G in  this  image  will,  (by 
Prop.  XX.)  after  they  have  palled  through  the  eye-glafs,  become  parallel.  Therefore  if  the 
eye  is  at  any  point  on  the  other  fide  of  the  eye-glafs,  the  objedt  of  refradted  vifion  may  be 
feen  as  diftindtly  as  any  very  remote  objedt  can  be  feen  by  the  naked  eye  j and  becaufe  the 
image  is  the  objedt  of  vifion  (by  Prop.  XXV.)  it  will  be  feen  inverted. 

PROP.  CXXXVIII.  The  apparent  diameter  of  an  objedt  feen  through 
an  aftronomical  telefcope,  is  to  the  apparent  diameter  of  the  fame  objedt 
feen  by  the  naked  eye  at  the  ftation  of  the  objedt- glafs,  as  the  diftance  of 
the  image  from  the  objedt-glafs  is  to  its  diftance  from  the  eye-glafs. 

If  the  image,  formed  by  the  objedt-glafs  NL,  were  received  upon  a paper  at  EFG,  the 
apparent  diameter  of  the  objea  feen  by  the  naked  eye  at  M,  the  ftation  of  the  objedt-glafs, 
would  be  (by  Prop.  LXXXIV.)  equal  to  the  apparent  diameter  of  the  image  feen  from  the 
fame  ftation.  Now  the  real  diameter  of  the  image  is  given,  becaufe  its  diftance  MF  from 
the  lens  is  given.  Confequently,  the  apparent  diameter  of  the  image  (by  Prop.  LX1X.)  will 
be  inverfely  as  the  diftance  of  the  eye  from  it.  If  the  eye  is  placed  at  C the  ftation  of  the 

eye-glafs,  and  confequently  its  diftance  from  the  image  is  FC,  the  image  will  appear  to  the 
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eve  in  that  ft  at  ion  bigger  than  at  the  ftation  M (by  Prop.  LXXXIX.)  in  the  inverfe  ratio  of 
the  diftances  FC,  MF  *,  that  is,  the  apparent  magnitude  of  the  image  at  C will  be  to  that  at 
M,  as  MF  to  FC.  But  the  apparent  magnitude  of  the  image  feen  from  M is  equal  to  that 
of  the  objedt  feen  by  the  naked  eye.  Therefore  the  image  feen  from  C appears  bigger  than 
the  object,  in  the  ratio  of  MF  to  FC.  This  would  Hill  be  the  cafe  (by  Prop.  LXXXIV.)  if 
the  eye-o'lafs  were  placed  between  the  eye  and  the  image,  touching  the  eye.  And  fince  the 
image  is  in  the  focus  of  the  eye-glafs,  the  apparent  magnitude  (by  Prop.  XC.)  is  the  fame, 
whether  the  eye  is  clofe  to  the  lens,  or  at  any  diftance  from  it.  Therefore  wherever  the 
eye  is,  the  apparent  diameter  of  the  objedt  feen  with  the  telefcope,  is  to  the  apparent  diam- 
eter of  the  fame  object  feen  by  the  naked  eye  at  the  ftation  of  the  objedt-glafs,  as  MF  to 
FC,  or  as  the  diftance  of  the  diftindt  image  from  the  objedt-glafs,  to  its  diftance  from  the 
eye-glafs,  that  is,  as  the  focal  diftance  of  the  objedt-glafs,  is  to  the  focal  diftance  of  the  eye- 
glafs,  confequently  if  the  former  be  divided  by  the  latter,  the  quotient  will  exprefs  the  mag- 
nifying power,  thus  if  MF  : FC  : : io  : i,  the  telefcope  will  magnify  io  times,  in  diameter. 

PROP.  CXXXIX.  A telefcope  will  not  magnify  an  object,  unlefs  the 
focal  diftance  of  the  objed-glafs  is  greater  than  the  focal  diftance  of  the  eye- 
glafs. 

The  rays  which  come  from  diftant  objedts  being  nearly  parallel,  the  image  GFE  (by  Def.  Plate  8. 
XVIII.)  will  be  in  the  focus  of  the  objedt-glafs,  which,  by  the  conftrudtion  of  the  telefcope,  FlS-  7* 
is  alfo  the  focus  of  the  eye-glafs.  But  the  apparent  diameter  of  an  objedt  feen  through  a 
telefcope,  is  to  its  apparent  diameter  when  feen  by  the  naked  eye  (by  Prop.  CXXXVIII.)  as 
the  diftance  of  the  image  from  the  objedt-glafs,  to  its  diftance  from  the  eye-glafs  ; that  is, 
by  what  has  been  juft  proved,  as  the  focal  diftance  of  the  objedt-glafs,  to  the  focal  diftance 
of  the  eye-glafs.  Confequently,  if  MF,  the  focal  diftance  of  the  objedt-glafs,  is  greater  than 
FC,  the  focal  diftance  of  the  eye-glafs,  the  objedt  will  be  magnified  : if  MF  be  equal  to  FC, 
the  objedt  will  appear  as  to  the  naked  eye  ; if  MF  be  lefs  than  FC,  the  objedt  will  appear  di- 
minifhed. 

Cor.  i.  Hence  the  objedt-glafs  of  a telefcope  fhould  be  lefs  convex  than  the  eye-glafs. 

Cor.  2.  An  objedt  will  be  equally  magnified  by  two  telefcopes  of  very  different  lengths, 
if  the  ratio  of  the  focal  diftances  of  the  objedt-glafs  and  eye-glafs  be  the  fvime  in  each. 

Cor.  3.  If  a telefcope  is  inverted,  objedts  feen  through  it  will  be  diminifhed  : for  the 
objedt-glafs  which  has  the  greater  focal  diftance  then  becomes  the  eye-glafs. 

PROP.  CXL.  The  vifible  area,  or  fpace  which  may  be  feen  at  one 
view  through  a telefcope,  is  as  the  area  of  th  e eye-glafs. 

If  GFE  is  any  image,  its  diftance  from  the  objedt-glafs  being  equal  to  the  focal  diftance  Plate  8. 
of  the  lens,  the  area  of  the  image  (by  Prop.  XXXVI.)  is  given  3 but  the  quantity  of  this  7* 
image  which  cun  be  feen  at  one  view  mull  be  greater  or  lefs,  according  to  the  magnitude  of 
the  hole  through  which  it  is  feen  3 that  is,  muft  be  as  the  area  of  the  eye-glafs. 
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■PROP.  CXLI.  The  brightnefs  of  an  objed  feen  through  a telefcope 
depends  upon  the  area  of  the  objed- glafs,  but  not  the  vifible  area. 

The  brightnefs  of  the  image,  that  is,  of  the  object  of  refraded  vifion,  is  (by  Prop, 
XXXVIII.)  as  the  area  of  the  lens  which  forms  it,  that  is,  of  the  object- glafs.  But  (by 
Prop.  XXXVI.  Schol.  2.)  the  magnitude  of  the  image  is  the  fame,  whether  the  area  of  the 
objed-glafs  is  great  or  fmall  ; and  confequently,  if  we  look  at  it  through  an  eye-glafs  of  a 
given  area,  the  quantity  to  be  feen  at  once  will  not  be  altered  by  any  change  in  the  area  of 
the  objed-glafs. 

PROP.  CXLII.  The  diftance  of  the  eye  from  the  eye-glafs,  fhould  be 
equal  to  the  principal  focal  diftance  of  the  eye-glafs. 

Since  the  image  GFE  is  in  the  focus  of  the  lens  DCB,  wherever  the  eye  is  placed  on  the 
other  fide  of  the  glafs,  the  image  will  appear  equally  magnified.  But  when  the  eye  is  juft 
as  far  from  the  eye-glafs  as  its  focal  diftance,  the  rifib'le  area  will  be  the  greateft  : for,  in 
that  cafe,  (by  Def.  XVIII.)  none  but  rays  parallel,  before  the  refradion,  to  MC  the  axis  of 
the  telefcope,  and  therefore  to  the  fides  of  the  cylindrical  tube  in  which  the  lenfes  are  plac- 
ed, can  reach  the  eye,  and  confequently,  no  rays  can  come  from  the  inner  furface  of  this 
tube  to  the  eye  to  make  it  vifible  : whereas  in  any  other  ftation  of  the  eye,  oblique  rays  from 
that  furface  would  make  the  fides  of  the  tube  vifible  ; whence  the  area  of  vifion,  which  re- 
mains the  fame,  being  (by  Prop.  CXL.)  always  as  the  area  of  the  eye-glafs,  will  be  in  part 
occupied  by  the  fides  of  the  tube,  and  the  object  will  be  feen  only  through  the  remaining  part. 

Def.  XXXI.  A telefcope  confiding  of  four  convex  lenfes  is  a double 
Agronomical  'Telefcope. 

Let  the  two  lenfes  NML,  and  B,  placed  a{:  the  diftance  MB,  equal  -to  the  fum  of  their 
focal  diftances,  form  one  telefcope,  and  the  two  lenfes  C,  D,  placed  at  the  diftance  CD,  equal 
to  the  fum  of  their  focal  diftances,  form  another.  If  thefe  two  telefcopes  are  fixed  at  the 
diftance  CB  from  each  other,  fo  as  to  be  both  ufecl  together,  they  form  a double  telefcope: 
the  lens  LMN  next  to  the  object,  is  called  the  objed-glafs,  and  the  lens  B next  the  objed- 
glafs  is  called  the  firft  eye-glafs,  C the  .fecond,  and  D next  to  the  eye  the  third. 

PROP.  CXLIII.  An  objed  feen  through  a double  telefcope  appears 

diftind  and  ered. 

' • ■ , ’ < 

The  parallel  rays  which  fall  upon  the  objed-glafs  NML  (by  Prop.  CXXXVII.)  form  a 
diftind  inverted  image  at  GFE  the  focus  of  the  objed-glafs.  This  image  being  alfo  in  the 
focus  of  the  firft  eye-glafs  B,  the  rays  of  each  beam  from  the  feveral  points  of  this  image 
will  become  parallel  by  palling  through  B : whence,  falling  parallel  on  the  fecond  eye-glafs 
C,  they  will  form  a diftind  inverted  image  at  KIH  the  focus  of  this  fecond  eye-glafs  : and 
becaufe  KIH  is  alfo  the  focus  of  the  third  eye-glafs  D,  the  rays  from  this  image,  after  pall- 
ing through  this  third  eye-glafs,  will  come  to  the  eye  parallel  to  each  other.  Confequently, 
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the  obje£l  will  be  feen  diftindtly : and  becaufe  the  fecond  image  is  inverted  with  refpedt  to 
the  firft,  which  is  inverted  with  refpedt  to  the  objedt,  the  fecond  image,  or  objedt  of  refradt- 
ed  vifion,  is  in  the  fame  fituation  as  the  objedt  itfelf. 


, , £ ' - / ‘ 

PROP.  CXLIV.  A double  telefcope  magnifies  an  objedt  in  the  ratio 

of  the  focal  diftance  of  the  objedt-glaft,  to  the  focal  diftance  of  the  firft 
eye-glafs. 


The  firfl  telefcope  MB  magnifies  the  objedt  in  the  ratio  of  MF  to  FB  : and  the  fecond 
telefcope  CD  is  commonly  made  up  of  two  lenfes  of  equal  convexities,  which  will  not  alter 
the  apparent  magnitude  of  the  objects.  Therefore,  when  both  are  ufed  together,  the  object 
is  only  magnified  by  the  firfl  in  the  ratio  of  MF  the  focal  diftance  of  the  objedt-glafs,  tq, 
FB  the  focal  diftance  of  the  firft  eye-glafs  ; confequently,  the  magnifying  power  is  found  by 
dividing  MF  by  FB. 


Plate  S. 
Fig.  8; 


Schol.  i.  The  different  refrangibility  of  the  rays  of  light  makes  refracting  telefcope? 
imperfeCt  : for  thofe  rays  which  are  moft  refraCted  by  palling  through  the  lens,  will  be 
brought  to  a focus,  and  form  an  image  nearer  to  the  objedt-glafs  than  thofe  which  are  lefs 
refraCted  ; and  confequently  the  feveral  forts  of  rays  are  not  properly  colledted  in  one  focus- 
to  produce  a perfectly  white  image,  but  each  has  its  own  focus,  producing  a confufed  and 
coloured  image. 

Of  two  refraCting  telefcopes  which  magnify  equally,  the  fhorter  will  give  a more  imperfed 
image  than  the  longer.  For  the  image  appearing  equal  in  both,  but  being  farther  from  the 
objedt-glafs  in  the  longer  than  the  fhorter,  muft  be  in  reality  larger  or  more  magnified  :• 
whence  the  defedt  arifing  from  the  different  refrangibility  of  the  rays  will  be  more  vifible  in 
the  longer  than  in  the  fhorter  telefcope.  Hence,  refledting  telefcopes  are  more  perfedt  than 
refradting  ones  •,  for  when  all  the  rays  are  refledted,  their  angles  of  incidence  and  refledtion 
being  equal,  they  will  all  meet  in  a focus  at  the  fame  diftance. 


Schol.  2.  To  remedy  the  defedt  of  refradting  telefcopes,  arifing  from  the  different  re- 
frangibility of  rays  of  light,  a compound  objedt  glafs  was  invented  by  Mr.  Dollond,  confiding 
partly  of  white  flint  glafs,  and  partly  of  crown  glafs,  which  have  different  refradting  powers. 

Thefe  refradt  contrary  ways  ; and  the  excefs  of  refradtion  in  the  crown  glafs  is  made  fuch, 
as  to  deftroy  the  colour  caufed  by  the  flint  glafs.  A telefcope  thus  formed  is  called  achro- 
matic. Let  ABED  reprefent  a double  concave  lens  of  white  flint  glafs,  and  AGDF  a double  plate  12. 
convex  of  crown  glafs  ; then  the  part  of  the  lenfes  which  are  on  the  fame  fide  of  the  common  I0, 
axis,  viz.  AEB  and  AFG  may  be  conceived  to  adt  like  two  prifms  which  refradt  contrary 
ways  •,  and  if  the  excefs  of  refradtion  in  the  crown  glafs,  be  fuch  as  precifely  to  deftroy  the 
divergency  of  colour  caufed  by  the  flint  glafs,  the  incident  ray  SH  will  be  refradted  to  X 
without  any  produdtion  of  colour  : the  fame  is  true  of  the  ray  .r h,  and  of  all  the  other  incident 
rays  ; and  confequently  the  whole  focal  image  formed  by  this  compound  objedt-glafs,  will 
be  achromatic,  or  free  from  colour  which  might  arife  From  refradtion.  It  will  therefore  bear 
a larger  aperture,  and  greater  magnifying  power,  and  of  courfe  enlarge  objedts  much  more 
than  a common  refradting  telefcope  of  the  fame  length.  The  great  impediment  to  the  con- 
ftrudtion  of  large  achromatic  telefcopes,  is  the  want  of  a flint  glafs  of  an  uniform  denfity. 

Dr. 
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Dr.  Blair  has,  within  thefe  few  years,  difeovered  that  certain  fluids,  particularly  thofe  which- 
contain  the  muriatic  acid,  may  be  formed  into  lenfes.  With  thefe  he  has  produced  achromatic 
telefcopes,  which  feem  as  perfedt  as  the  thing  will  admit  of.  See  Tranfadtions  of  the  Edin-* 
burgh  Royal  Society.  All'o,  Encyc.  Brit.  Art.  Telefcope.  Vol.  XVIII.  Part  x. 

PROP.  CXLV.  To  explain  the  conftrudHon  and  ufe  of  feveral  kintU 
of  telefcopes. 

I.  Of  Galileo’s  Telefcope. 

Galileo’s  telefcope  confifts  of  a convex  objedl-glafs  and  a concave  eye-glafs,  fo  placed  that 
the  diltance  between  them  is  the  difference  of  their  focal  dillances. 

In  this  telefcope  ZYX,  a convex  lens,  is  placed  at  the  diltance  from  BA  a concave  lens 
of  YC,  the  difference  between  YF  the  focal  diltance  of  ZX,  and  CF  the  focal  diltance  of  BA. 

From  a diftant  objedt  let  rays  fall  upon  the  convex  lens  YZ,from  which  they  will  proceed 
towards  the  focus  of  this  lens  at  FG.  But  the  concave  lens  AB,  the  focus  of  which  is  at  FG, 
renders  the  converging  rays  parallel  when  they  reach  the  eye  ; whence  an  image  w’ill  be 
formed  upon  the  retina.  And  the  pencils  of  rays  being  made  more  diverging  by  pairing- 
through  the  concave  lens,  the  vifible  image  is  feen  under  a larger  angle  than  the  objedt,  and 
appears  magnified.  Alfo,  becaufe  the  pencils  which  form  the  image  only  crofs  one  another 
once,  the  image  appears  eredt. 

II.  Of  Sir  Isaac  Newton’s  Telefcope. 

In  a t-ube  ABCD,  towards  the  end  BC,  let  the  concave  mirror  GH  be  placed  perpendicular 
to  DC  the  lower  fide  of  the  tube.  If  an  objedl,  which  is  at  fuch  a diftance  that  rays  coming 
from  the  fame  point  may  be  confidered  as  parallel  to  one  another,  be  placed  before  the  open 
end  of  the  tube  AD,  thefe  parallel  rays  will  be  refiedled  from  the  concave  mirror  GFI,  and 
becoming  convergent,  would  (by  Prop.  CXII.)  form  an  inverted  pidfure  of  the  objedl:  upon  a 
paper  held  at  the  focus  of  the  mirror.  But  if  the  converging  rays,  before  they  reach  the  focus, 
fall  upon  a plane  mirror  K,  placed  at  an  angle  of  45  degrees  with  DC  the  fide  of  the  tube,  or 
with  the  axis  of  the  telefcope,  they  will  be  refledted  from  thence,  and  meet  before  it  at  L, 
forming  an  image  perpendicular  to  the  objedl,  or  parallel  to  the  axis  of  the  telefcope.  If  this 
image  be  placed  in  the  focus  of  the  convex  lens  L,  fixed  in  the  fide  of  the  telefcope,  the  eye 
will  fee  it  diftintSFly  through  the  lens. 

The  image  feen  from  the  flation  of  the  eye-glafs  L,  either  with  or  without  the  glafs,  will 
(as  in  the  refradling  telefcope,  fee  Prop.  CXXXVIII.)  appear  as  much  larger  than  when  feen 
from  the  concave  mirror,  that  is,  as  much  larger  than  to  the  naked  eye,  as  the  diftance  of  the 
image  from  the  eye-glafs,  is  lefs  than  its  diftance  from  the  mirror,  or  as  its  diftance  from  the 
mirror  is  greater  than  its  diftance  from  the  lens. 

III.  Of  Gregory’s  Telefcope, 

In  the  tube  TTYY,  let  a concave  mirror  EN  be  placed.  Any  parallel  rays  GO,  PP» 
form  an  objedl  A,  falling  upon  this  mirror,  will,  after  refledtion,  (by  Prop.  CXI.)  form  am 

inverted 
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inverted  image  at  C its  focus.  Let  C be  more  remote  from  a fecond  fmaller  concave  mirror 
PO  (placed  parallel  and  oppofite  to  the  firft  mirror  EA  in  fuch  manner  that  their  axes  (hall 
be  in  the  fame  ftraight  line)  than  its  focus.  The  rays  which  diverge  from  the  feveral  points 
of  the  image  at  C,  and  fall  upon  the  mirror  PO,  will  (by  Prop.  L.)  converge  after  reflection  ; 
and  confequently,  if  theypafs  through  a hole  NM  in  the  firfl:  mirror  EA,  they  will  form  a 
■fecond  image  which  will  be  inverted  in  refped  of  the  firfl:,  and  in  the  fame  pofition  with  the 
obje£t.  If,  whilft  thefe  rays  are  converging,  they  pafs  through  a plano-convex  lens  Spo 
(placed  in  a fmaller  tube  joined  to  the  larger)  they  will  be  brought  to  a focus,  fooner  than 
they  would  otherwife  have  been,  forming  the  fecond  image  F.  This  ered  image  is  feen  by 
the  eye  at  O,  through  a menifeal  eye-glafs  LL,  whofe  convexity  is  greater  than  its  concavity. 
For  the  magnifying  power  of  this  telefcope,  fee  Mufchenbroek.  Intro,  ad  Phil.  Nat.  or 
Frieftley’s  Optics,  page  73 6. 

Schol.  1.  In  the  telefcopes  made  by  Dr.  Herfchel,  the  object  is  reflected  by  a mirror,  as 
in  the  Gregorian  telefcope,  and  the  rays  are  intercepted  by  a lens  at  a proper  diftance,  fo  that 
the  obferver  has  his  back  to  the  objed,  and  looks  through  the  lens  at  the  mirror.  The  mag- 
nifying power  will  be  the  fame  as  in  the  Newtonian  telefcope  $ but  there  being  no  fecond 
reflector,  the  brightnefs  of  the  objed  viewed  in  the  Herfchel  telefcope,  is  greater  than  that  in 
the  Newtonian  telefcope. 

The  tube  of  Dr.  Herfchel’s  grand  telefcope,  is  39  feet  4 inches  in  length,  4 feet  10  inches 
'in  diameter,  every  part  of  which  i$  made  of  iron.  The  concave  furface  of  the  great  mirror 
is  48  inches  of  polilhed  fprface  in  diameter,  its  thicknefs  is  3!  inches,  and  its  weight  is 
upwards  of  2ooclb.  This  noble  inftrument  was,  in  all  its  parts,  conftruded  under  the  foie 
diredion  of  Dr.  Herfchel  : it  was  begun  in  the  year  1785,  and  completed  Auguft  28,  1789, 
on  which  day  was  difeovered  the  fixth  fatellite  of  Saturn.  It  magnifies  6000  times. 

Schol.  2.  Dr.  Prieftley  obferves,  that  the  eafieft  method  of  finding  the  magnifying  power 
■of  any  telefcope,  by  experiment,  is  to  meafure  the  diameter  of  the  aperture  of  the  objed-glafs, 
and  that  of  the  little  image  of  it  which  is  formed  at  the  place  of  the  eye.  For  the  proportion 
between  thefe  gives  the  ratio  of  the  magnifying  power,  provided  no  part  of  the  original  pencil 
be  intercepted  by  the  bad  conftrudion  of  the  telefcope.  For,  in  all  cafes,  the  magnifying 
power  of  telefcopes  or  microfcopes,  is  measured  by  the  proportion  of  the  original  pencil,  to 
that  of  the  pencil  which  enters  the  eye.  Another  method,  is  to  obferve  at  what  diftance  you 
can  read  any  book  with  the  naked  eye  ; and  then  removing  the  book  to  the  fartheft  diftance 
at  which  you  can  diftindly  read  it  by  the  help  of  the  telefcope.  The  book  chofen  for  this 
purpofe  (hould  be  fuch,  that  the  connexion  of  the  fubjed  fiiould  not  affift  the  obferver  ; as 
tables  of  logarithms,  &c.  Much  depends  on  the  fteadinefs  with  which  the  inftrument  is  fixed. 

S E C T.  II. — Of  Microscopes. 

« 

Def.  XXXII.  A fugle  Microfcope  is  one  convex  lens  placed  between 
a Email  objett  and  the  eye. 

Dee.  XXXIII.  A double  Microfcope  con  fids  of  two  convex  lenfes,  of 
which  the  obje£t-glafs  is  more  convex  than  the  eye-glafs ; and  the  diftance 
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between  them  Is  equal  to  the  diftance  of  the  image  from  the  objedl-glafs, 
added  to  the  focal  diftance  of  the  eye-glafs. 

Let  AB,  a convex  lens,  be  the  objedt-glafs,  and  EF,  another  convex  lens,  be  the  eye-glafs. 
Let  the  fmall  objedt  KL  be  farther  from  the  object -glafs  than  its  focus  ; an  image  ME>N  of 
the  object  will  (by  Prop.  XXIV.)  be  formed  behind  the  glafs  ; let  the  diftance  of  this  image 
from  the  objedt-glafs  be  ID,  and  let  its  diftance  from  the  eye-glafs  be  equal  to  the  focal 
diftance  of  the  eye-g*lafs  ; the  diftance  of  the  two  glafles  from  each  other  will  be  ID-f-DX, 
or  IX,  that  is,  the  diftance  of  the  image  from  the  objedt-glafs,  added  to  the  focal  diftance  of 
the  eye-glafs. 

Some  compound  microfcopes  are  made  with  three  glafles,  fo  that  the  rays  after  palling 
through  AI3  the  objecft-glafs,  and  EF  the  eye-glafs,  are  again  made  converging  by  a fecond 
eye-glafs,  and  therefore  brought  fooner  to  a focus,  than  by  the  firft,  and  the  field  of  vifion 
will  be  much  greater  than  if  only  one  lens  was  ufed. 

Cor.  Hence  it  appears,  that  the  difference  between  tire  microfcope  and  telefcope  is,  that 
in  the  telefcope  the  rays  of  each  pencil  fall  upon  the  objedt-glafs  nearly  parallel,  and  are  united 
in  its  focus  ; but  in  the  microfcope  they  fall  upon  it  very  much  diverging  from  one  another, 
and  therefore  form  the  image  in  a place  beyond  the  focus,  and  confequently  larger  than  the 
objedt. 

PROP.  CXLVI.  An  object  feen  through  a double  microfcope  appears 
diftindt  and  inverted. 

The  pencils  of  rays  ifluing  from  the  obje&s  ICL,  being  tranfmitted  through  the  objedt-lens 
AB,  their  foci  will  be  in  MN  ; where  there  will  be  an  inverted  image  of  the  object,  which  is 
viewed  through  another  lens,  or  eye-glafs  EF,  the  focus  of  which  is  at  MN  j hence  a diftindt 
and  diredt  image  is  formed  upon  the  retina , and  it  is  feen  inverted. 

PROP.  CXLVII.  The  apparent  diameter  of  an  objedt  feen  through  a 
double  microfcope  is  to  that  of  the  fame  objedt  feen  by  the  naked  eye  from 
the  ftation  of  the  objedt-glafs,  in  the  compound  ratio  of  the  diftance  of  the 
image  from  the  objedt-glafs,  to  its  diftance  from  the  eye-glafs,  and  of  the 
limit  of  diftindt  vifion  to  the  diftance  of  the  objedt-glafs  from  the  objedt. 

The  firft  part  of  this  Propofition  is  demonftrated  as  Prop.  CXXXVIII.  And  it  is  manifeft, 
from  Prop.  LXIX.  that  if  AB  the  diftance  of  the  objedt-glafs  from  the  objedt  is  lefs  than  the 
limit  of  diftindt  vifion,  the  apparent  diameter  of  the  objedt  will  be  as  much  greater  than  that 
of  the  objedt  at  the  diftance  dt  which  the  naked  eye  can  fee  it  diftindtly,  as  IC  is  lefs  than  that 
diftance.  Therefore  the  objedt  is  magnified,  becaufe  the  diftance  of  the  image  from  the  ob- 
ject-glafs  is  greater  than  its  diftance  from  the  eye-glafs,  and  alfo  becaufe  the  diftance  from  the 
objedt  is  lefs  than  the  limit  of  diftindt  vifion.  The  magnifying  power  of  the  microfcope  is 
then  in  the  ratio  compounded  of  thefe  two  ratios,  Suppofe  ID  6IC ; and  the  eye-glafs  EF 

to 
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to  be  one  inch  focus,  and  the  limit  of  diftintt  vifion  to  be  feven  inches,  then  the  diameter  of 
the  objefit  KL,  will  be  magnified  6 x 7 = 42  *,  confequently  1764  times  in  furface. 

PROP.  CXLVIII.  When  the  fame  eye-glafs  is  ufed,  the  magnifying 
power  of  the  microfcope  will  bo  increafed  by  increafing  the  convexity  of 
the  obje<R-glafs. 

For  in  order  to  keep  the  image  in  the  focus  of  the  eye-glafs,  when  the  convexity  of  the  ob- 
je£t-glafs  is  increafed,  the  objedt-glafs  mult  be  brought  nearer  to  the  object : the  confequence 
of  which  will  be  that  the  ratio  of  the  limit  of  diftinCt  vifion  to  the  diflance  of  the  objeCt -glafs 
from  the  objeCt  will  (El.  V.  8.)  be  increafed  : whence  (by  Prop.  CXI. VII.)  the  ratio  of  the 
apparent  diameter  of  the  objedt  of  refraCted  vifion  to  that  of  the  object  feen  by  the  naked  eye 
will  alfo  be  increafed. 

Schoi..  The  aperture  of  the  obje£t-glafs  in  a microfcope  mult  be  fmall,  elfe  the  outermoft 
rays,  diverging  too  much,  will  hinder  the  diftindthefs  of  vifion  : but,  on  account  of  the  fmall- 
ne-fs  of  the  aperture,  the  obje£t  will  appear  faint,  and  it  will  appear  neceflary,  in  order  to  rem- 
edy this,  to  illuminate  the  objedt  as  much  as  poffible, 

PROP.  CXLIX.  To  defcribe  the  conftrudKon  and  ufe  of  the  Solar 
Microfcope. 

In  a dark  room,  let  a round  hole  be  made  in  a window-fhutter  about  three  inches  in 
diameter,  through  which  the  fun  may  cad  a cylinder  of  rays  into  the  room.  In  this  hole  let 
a tube  be  fixed,  containing  a convex  lens  of  about  two  inches  in  diameter,  and  three  inches 
focal  diftance  ; the  objedh,  placed  between  two  concave  glades,  at  the  diftance  of  about  two 
inches  and  a half  from  the  firft  convex  lens  ; and  a fecond  convex  lens,  whofe  focal  diftance 
is  a quarter  of  an  inch,  placed  at  this  diftance  from  the  obje£t.  Let  a plane  mirror,  connected 
with  the  tube,  and  moveable  by  means  of  a wheel,  receive  the  fun’s  rays  on  the  outfide  of  the 
fhutter,  and  convey  them  into  the  tube.  The  rays,  paffing  through (the  firft  lens,  will  ftrong- 
ly  illuminate  the  objeft,  from  which  they  will  pafs  through  the  fecond  lens,  and  form  an 
inverted  image  of  the  object,  magnified  in  the  ratio  of  the  diftance  of  the  object  from  the 
lens  to  that  of  the  image  from  the  lens,  that  is,  in  this  cafe,  fuppofing  the  diftance  of  the  dif- 
tindt  picture  to  be  twelve  feet  or  144  inches,  in  the  ratio  of  £ : 144.  Confequently,  the  dia« 
meter  of  the  object  will  be  magnified  576  times. 

SECT.  III. — Of  the  Magic  Lantern. 

PROP.  CL.  To  defcribe  the  conflru&ion  of  the  Magic  Lantern. 

In  the  fide  of  a lantern  let  a tube  be  inferted,  confifting  of  two  parts,  one  moveable  upon 
the  other.  In  the  moveable  part  let  a convex  lens  GG  be  fixed  ; in  the  immoveable  part  let 
an  object  EE,  painted  with  tranfparent  colours  upon  a piece  of  thin  glafsj  be  placed  ; and  in 

II  h 2 the 


Plate  8. 

Fig-  13. 


244  OF  OPTIC?,  Book  VI. 

die  fixed  part  of  the  tube,  a convex  lens  DD.  This  lens  will  call  a ftrong  fight  from  the 
candle  upon  the  objedt  EE.  And  when  the  rays  which  diverge  from  the  feveral  points  of 
the  objedt  are,  by  the  lens  GG,  made  to  converge,  they  will  (by  Prop.  XXV.)  form  an  invert- 
ed image  of  the  objedt  at  KL,  upon  any  white  furface  •,  provided  that  the  objedt  is  farther 
from  the  lens  than  its  focus,  and  that  the  whole  apparatus  is  placed  in  a dark  room.  The 
image  KL  will  be  larger  than  the  objedt  EE,  in  proportion  as  the  diftance  of  the  image 
from  the  lens  is  greater  than  the  objedt.  A concave  refledtor  AB  may  be  placed  within  the 
lantern,  behind  the  candle,  to  increafe  the  illumination  of  the  pidture  EE.  If  the  objedt  be 
placed  in  an  inverted  pofition,  its  image  will  appear  eredt. 

SECT.  IV. — Of  the  Camera  Obscura. 

PROP.  CLI.  To  defcribe  the  conftru£Uon  and  ufe  of  the  Camefa 
Obfcura. 

Let  CD  be  a convex  lens,  and  HK  a plane  mirror  inclined  at  an  angle  of  45^  degrees. 
An  inverted  image  of  the  objedt  AB  would  be  formed  at  EG,  where  the  foci  of  the'  rays 
from  the  objedt  are  found  after  refradtion  ; but  the  rays  being  intercepted  by  the  plane  mirror 
plate  8,  HK,  are  refledted  (by  Prop.  C.)  to  NM,  the  focal  diftance  before  it,  making  an  angle  with 
F,g-  I4,  mjrror  0f  ^ degrees  \ whence  the  image  will  be  in  a pofition  perpendicular  to  the  objedt, 

at  the  top  of  the  box,  where,  if  the  rays  be  received  on  a Iheet  of  oiled  paper,  or  a plate  of 
glafs  unpolilhed  on  one  fide,  it  will  be  diftindtly  vifible. 
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OF  ASTRONOMY. 

PARTI. 

Of  the  Motions  of  the  Heavenly  Bodies. 

CHAP.  I, 

/ , / 

Of  the  Solar  System  in  General \ 

Def.  I.  nnHE  Solar  Syflem  confifts  of  the  Sun,  which  is  a luminous 
JL  body  ; feven  primary  planets,  Mercury,  Venus,  the  Earth, 
Mars,  Jupiter,  Saturn,  and  the  Herfchel  ; eighteen  fecondary  planets,  the 
Earth’s  Moon,  Jupiter’s  four  Satellites,  Saturn’s  feven,  and  fix  belonging  to 
the  Herfchel  ; and  an  uncertain  number  of  comets  : all  which  are  opaque,, 

Schol.  Upon  entering  the  fubjeCl  of  Aftronomy,  it  will  be  proper  briefly  to  defcribe  the 
different  fyltems  which  have  been  invented,  in  order  to  folve  the  natural  appearances  of  the 
heavenly  motions. 

Ptolemy  fuppofed  the  earth  to  be  perfectly  at  reft,  and  the  fun,  moon,  planets,  comets, 
and  fixed  liars  to  revolve  about  it  every  day  •,  but  that  befides  this  diurnal  motion,  the  fun, 
moon,  planets,  and  comets,  had  a motion  in  refpe&to  the  fixed  liars,  and  were  fituated,  in 
refpeCt  to  the  earth,  in  the  following  order  : the  Moon,  Mercury,  Venus,  the  Sun,  Mars, 
Jupiter,  Saturn.  The  revolutions  of  thefe  bodies  he  fuppofed  to  be  made  in  circles  about  the 
earth  placed  a little  out  of  the  centre.  This  fyllem  will  not  folve  the  phafes  of  Venus  and 
Mercury,  and  therefore  cannot  be  true. 

The  fyllem  received  by  the  Egyptians  was  this':  the  earth  was  fuppofed  immoveable  in' 
the  centre,  about  which  revolved,  in  order,  the  Moon,  Sun,  Mars,  Jupiter  and  Saturn  ■,  and 
about  the  Sun  revolved  Mercury  and  Venus.  This  difpofition  will  account  for  the  phafes  of 
Mercury  and  Venus,  but  not  for  the  apparent  motions  of  Mars,  Jupiter,  and  Saturn,' 

Another  fyllem  was  that  of  Tycho  Brahe,  a Danilh  nobleman,  who  was  anxious  to  recon- 
cile the  appearances  of  nature  with  feme  paflages  of  the  Scriptures,  taken  in  their  literal  inter- 
pretation. In  his  fyllem,  the  earth  is  placed  immoveable  in  the  centre  of  the  orbits  of  the  fun 
and  moon,  without  any  rotation  about  its  axis  •,  but  lie  made  the  fun  the  centre  of  the  orbits 
of  the  other  planets  which,  therefore,  revolved  with  the  fun  about  the  earth.  Objections  to 
this  fyllem  are,  the  want  of  that  fimplicity  by  which  all  the  apparent  motions  may  be  folved  ; 
and  the  neceflity  of  fuppofing  that  all  the  heavenly  bodies  revolve  about  the  earth  every  day  : 
alfo  to  fuppofe  that  a body  Ihould  revolve  in  a circle  about  its  centre  without  any  central  body 
is  phyfically  impoflible.  Some 
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Some  of  Tycho’s  followers,  feeing  the  abfurdity  of  p diurnal  revolution  of  the  heavenly 
bodies  about  the  earth,  gave  a rotatory  motion  to  the  earth,  and  this  was  called  the  Semi- 
Tychonic  fyftem. 

The  fyftem  which  is  now  univerfally  received,  is  called  the  Copernican.  It  was  formerly 
taught  by  Pythagoras,  500  years  before  Chrift  ; and  afterwards  rejedled,  till  revived  by 
Copernicus  in  the  fixteenth  century.  Here  the  fun  is  placed  in  the  centre  of  the  fyftem, 
about  which  the  planets  revolye  from  weft  to  eaft,  in  the  following  order  : Mercury,  Venus, 
the  Earth,  Mars,  Jupiter,  Saturn,  and  thp  Herfchel  planet  : beyond  which,  at  immenfe 
diftances,  are  placed  the  fixed  {tars.  The  moon  revolves  round  the  earth  ; and  the  earth 
turns  about  an  axis.  The  other  fecondary  planets  move  round  their  refpe£tive  primaries 
from  weft  to  eaft  at  different  diftances,  and  in  different  periodical  times. 

According  to  this  do&rine,  the  Sun  S is  the  centre  of  the  fyftem  •,  Mercury  a,  Venus  b% 
the  Earth  t,  Mars  e,  Jupiter  f,  and  Saturn  h,  revolve  ip.  elliptical  orbits  round  the  fun  ; the 
moon  d revolves  about  the  earth,  and  the  fatellites  of  Jupiter,  Saturn,  and  the  Herfchel,  re- 
volve about  their  primaries  -,  and  the  planes  of  their  orbits  are  inclined  to  one  another.* 

This  doctrine,  being  admitted  as  true,  will  account  for  the  apparent  motion?,  ^nd  other 
phenomena,  of  the  heavenly  bodies,  as  will  be  feen  in  the  following  Chapters, 

CHAP.  II. 

Of  the  Earth. 

SECT.  I. — Of'jJje  globular  Form  of  the  Earth,  and  its  diurnal 

Motion  about  its  Axis,  and  of  the  appearances  'which  arife  from  thefe. 

PROPOSITION  I, 

•The  earth  is  of  a globular  form. 

For,  1.  The  fhadow  of  the  earth  projected  on  the  moon  in  an  eclipfe  is  always  circular; 
which  appearance  could  only  be  produced  by  a fpherical  body.  2.  The  convexity  of  the 
furface  of  the  fea  is  vifible  ; the  mart  of  an  approaching  fhip  being  feen  before  its  hull. 
3.  The  north  pole  becomes  more  elevated  by  travelling  northward,  in  proportion  to  the 
fpace  paffed  over.  4.  Navigators  have  failed  round  the  earth,  and  by  fleering  their  courfe 
continually  weflward,  arrived,  at  length,  at  the  place  from  whence  they  departed. 

Def. 

* Dr.  Herfchel,  on  the  13th  of  March,  1781,  while  purfuing  a plan  which  lie  had  formed  of  obferving,  with 
telefcopes,  of  his  own  confirmation,  every  part  of  the  heavens,  difeovered,  in  the  neighbourhood  of  H Geminorum, 
a planet  far  beyond  the  orbit  of  Saturn,  which  had  never  before  been  vifible  to  mortal  eyes.  He  has  fince  difeovered 
fix  fecondarics  belonging  to  this  new  planet,  which  planet  is  called  either  the  Hbrschel,  from  the  name  of  its 
indefatigable  and  truly  great  difpoverer  ; cr  the  Georgium  Sidus,  or  Georgian  Planet,  in  honour  of  the  prefent  king, 
who  has  diltinguifhed  himfelf  as  the  patron  of  Dr.  Herfchel.  The  planet  is  denoted  by  this  charaUer  IjT  ; an  H, 
as  the  initial  of  the  name,  the  horizontal  bar  being  eroded  by  a perpendicular  line,  forming  a kind  of  crofs,  the 
emblem  of  chriftianity,  denoting,  perhaps,  that  its  difeovery  was  made  in  the  Clpiftian  era,  as  all  the  other 
Planets  we-rc  known  long  before  that  period. 
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Def.  II.  The  Axis  of  the  earth  is  an  imaginary  line  palling  through 
the  centre,  about  which  its  diurnal  revolution  is  performed. 

Def.  III.  The  Poles  of  the  earth  are  the  extremities  of  this  axis. 

Def.  IV.  The  Equator  is  the  circumference  of  an  imaginary  great 
circle  palling  through  the  centre  of  the  earth,  perpendicular  to  the  axis* 
and  at  equal  diftances  from  the  poles.^ 

Def.  V.  If  the  axis  of  the  earth  be  produced  both  ways,  as  far  as  the 
concave  furface  of  the  heavens,  in  which  all  the  heavenly  bodies  appear  to 
be  placed,  it  is  then  called  the  Axis  of  the  Heavens  ; its  extremities  are 
called  the  Poles  of  the  Heavens  ; and  the  circumference  produced  by  ex- 
tending the  plane  of  the  equator  to  the  fame  concave  furface,  is  called  the 
Equator  in  the  Heavens . 

Def.  VI.  Circles  drawn  through  the  poles  of  the  earth  or  heavens 
perpendicular  to  the  plane  of  the  equator,  are  called  Secondaries  of  the 
equator. 

Def.  VII.  The fenfble  Horizon  is  an  imaginary  circle,  which,  touching 

the  furface  of  the  earth,  feparates  the  vifible  part  of  the  heavens  from  the 
invifible.  The  rational  Horizon  is  a circle  parallel  to  the  former,  the  plane 
of  which  palfes  through  the  centre  of  the  earth. 

Schol.  Since  (by  Book  VI.  Prop.  LXIX.).  the  apparent  diameter  of  an  obje£t  is  in- 
verfcly  as  its  diftance,  if  the  diftance  be  increafed  in  fuch  manner  that  it  may  be  looked  upon 
as  infinite,  the  apparent  magnitude  becomes  a point.  Hence  AF,  the  femidiameter  of  the 
earth,  viewed  at  the  different  diftances  o,  O,  R,  diminifhes,  till  at  the  diftance  of  (),  a 
fixed  ftar,  it  becomes  a point,  and  the  ftar  appears  in  the  fame  place  in  the  heavens,  whether 
viewed  from  the  vifible  horizon  SET,  or  rational  horizon  HBR. 

Def.  VIII.  The  Poles  of  the  Horizon  are  two  points,  the  one  of 
which,  over  the  head  of  the  fpeflator,  is  called  the  Zenith  ; the  other, 
which  is  under  his  feet,  is  called  the  Nadir . 

Def.  IX.y  Circles  drawn  through  the  zenith  and  nadir  of  any  place, 

cutting  the  horizon  at  right  angles,  are  called  Vertical  Circles . 

* 

Def.  X.  A verticle  circle  paffing  through  the  poles  of  the  heavens,  is 
a Meridian , and  is  laid  to  be  the  meridian  of  any  place  through  which  it 
pafles.  Def. 
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Def.  XI.  The  meridian  of  any  place  palling  through  the  poles,  and 
falling  perpendicularly  upon  the  horizon,  cuts  it  in  two  oppofite  cardinal 
points,  called  North  and  South. 

Def.  XII.  A Meridian  Line , is  the  common  interfe&ion  of  the  plane 
of  the  meridian  and  the  plane  of  the  horizon. 

Cor.  Hence  any  line  which  lies  due  north  and  fouth  in  an  horizontal  plane,  may  be 
confidered  as  part  of  the  meridian  line. 

Schol.  x.  To  draw  a meridian  line,  perpendicular  to  an  horizontal  plane,  eredt  a wire, 
or  ffcile,  feven  or  eight  inches  long,  and  as  it  is  not  eafy  to  determine  precifely  the  extremity 
of  the  fhadow,  it  will  be  belt  to  make  the  ftile  flat  at  top,  and  to  drill  a final!  hole  through 
jit,  noting  the  lucid  point  projedted  by  it,  mark,  at  feveral  different  times  before  noon,  thefe 
lucid  points,  and  through  them  draw  concentric  circles  about  the  middle  point  of  the  wire’s 
ftation  ; obferve  in  the  afternoon  when  the  lucid  points  again  touch  thefe  circles  ; and  find 
the  middle  point  of  each  arc  between  the  points  already  taken  : a line  drawn  through  thefe 
middle  points,  and  the  common  centre,  will  be  the  meridian  line  ; for,  fince  at  equal 
diftances  from  noon,  the  fun  is  at  the  fame  height,  or  in  verticals  equally  diflant  from  the 
meridian,  the  circle  drawn  through  the  zenith  at  equal  diftances  from  thefe  verticals  is  the 
meridian.  This  fhould  be  done  about  the  fummer  folftice,  between  the  hours  of  9 and  11 
in  the  morning,  and  1 and  3 in  the  afternoon. 

Schol.  2.  To  obferve  the  tranfit  of  any  heavenly  body  over  the  plane  of  the  meridian  ; 
place,  in  this  plane,  a telefcope,  having  two  crofs  hairs  before  its  objedt-glafs,  one  vertical, 
the  other  horizontal,  and  obferve  when  the  vertical  hair  paffes  through  the  centre  of  the 
heavenly  body  : or,  hanging  two  plumb-lines  exadtly  over  the  meridian  line,  place  your  eye 
clofe  to  one  of  the  threads  in  fuch  manner,  as  that  it  fhall  cover  tl>e  other  thread,  and 
obferve  when  the  body  is  behind  the  threads. 

Def.  XIII.  The  Altitude  or  BepreJJion  of  any  heavenly  body  above  or 
below  the  horizon,  is  the  arc  of  a vertical  circle  intercepted  between  the 
body  and  the  horizon,  or  the  angle  at  the  centre  meafured  by  that  arc. 

Schol.  The  altitude  of  any  heavenly  body  is  found  by  the  help  of  a quadrant  thus  : 
bring  the  quadrant  into  fuch  a fituation  that  the  ftar  may  be  feen  through  the  fights  ; then 
the  angle,  contained  between  the  firing  of  the  plummet  and  the  fide  of  the  quadrant  on 
which  the  fights  are  not  placed,  is  the  altitude  of  the  ftar. 

Def.  XIV.  The  Prime  Vertical , is  that  which  crofles  the  meridian  at 
right  angles  in  the  zenith  and  nadir,  cutting  the  horizon  in  the  cardinal 
points  Eaft  and 
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Def.  XV.  The  Azimuth  of  a heavenly  body,  is  the  arc  of  the  horizon 
intercepted  between  the  meridian  and  a verticle  circle  palling  through  that 
body  ; it  is  eaftern  or  weftem  as  the  body  is  eaft  or  weft  of  the  meridian. 
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Schol.  The  azimuth  of  any  ftar  maybe  thus  found.  Let  AC  be  a given  meridian  Plate  9. 
line.  Above  any  point  A in  this  line,  let  a cord  with  a plummet  be  hung  : let  another  cord  Flg‘  S‘ 
-with  a plummet  be  hung  at  E,  fo  that  the  liar  and  the  two  cords  fhall  lie  in  one  and  the 
fame  right  line.  Let  the  perpendiculars  AD,  BE,  reprefent  the  cords,  and  draw  AB. 

From  the  point  B,  to  any  point  C,  in  the  meridian  line  AC,  taken  at  pleafure,  draw  the 
right  line  BC ; then  with  a fcale  of  equal  parts  meafure  the  three  line6  AB,  AC,  BC.  In 
the  triangle,  therefore,  ABC,  there  will  be  given  all  the  Tides,  from  whence  will  be  found 
♦he  angle  BAC,  equal  to  the  azimuth  required. 

For  if  the  meridian  line  be  fuppofed  to  be  continued  to  F,  and  the  line  BA  to  G,  the  an- 
gle FAG  wall  be  the  azimuth  of  the  liar  ; but  the  angle  FAG  will  be  equal  to  the  angle  at 
the  vertex  BAC  ; therefore  the  angle  BAC  will  be  equal  to  the  azimuth. 


Def.  XVI.  The  Amplitude  of  a heavenly  body  at  its  rifing,  is  the  arc 
of  the  horizon  intercepted  between  the  point  wThere  the  body  rifes,  and  the 
eaft  ; its  amplitude  at  Fetting,  is  the  arc  of  the  horizon  intercepted  between 
the  point  where  the  body  fets,  and  the  wreft : it  is  northern,  or  fouthern, 
as  the  body  rifes,  or  fets,  to  the  north  or  fouth  of  eaft  or  weft. 

Def.  XVII.  If  an  heavenly  body  rifes,  or  fets,  when  the  fun  rifes,  it  is 
faid  to  rife  or  fet  cofnically ; if  it  rifes,  or  fets,  wdien  the  fun  fets,  it  is  faid  to 
rife  or  fet  achronically ; it  is  faid  to  fet  or  rife  heUacally , when  it  approaches 
fo  near  the  fun  as  to  become  invifible,  or  recedes  fo  far  from  him  as  to  be- 
come vifible. 

Def.  XVIIL  The  Latitude  of  a place  upon  the  furface  of  the  earth,  is 
its  diftance  from  the  earth’s  equator;  it  is  meafured  by  the  arc  of  the  geo- 
graphical meridian  of  the  place  intercepted  between  the  place  and  the  equa- 
tor : latitude  is  either  northern  or  fouthern. 

Dee.  XIX.  Parallels  of  Latitude , are  circles  on  the  furface  of  the  earth 
drawn  parallel  to  the  equator. 

PROP.  II.  A degree  in  the  equator  is  to  a degree  in  any  parallel  of 
latitude,  as  radius  to  the  cofine  of  latitude. 

Let  EPQ^  "be  a geographical  meridian,  EQ^  the  equator,  and  FB  a parallel  of  latitude.  p[ate  9. 
The  circumference  EQ^is  to  the  circumference  FB,  and  any  part  of  EQ^,  to  any  fimiiar  ^'S1 
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part  of  FB,  as  CQ^,  or  CB,  the  radius  of  EQ^,  to  AB  the  radius  of  FB  ; and  AB  is  the 
cofine  of  die  arc  BQ_,  which  is  the  latitude  of  the  parallel  FB.  Therefore  a degree  in 
EQ^is  to  a degree  in  FB,  as  radius  to  the  cofme  of  latitude. 

Def,  XX.  The  longitude  of  a place,  Is  the  diftance  between  the  merU 
dian  of  that  place,  and  the  meridian  of  lome  other  place,  taken  at  pleafure-, 
and  called  the  lirft  meridian  ; it  is  meafured  by  the  arc  in  the  equator  in- 
tercepted between  thefe  two  meridians.  Longitude  is  either  ealtern  or' 
weftern,  and  is  meafured  180  degrees  each  way. 

PROP.  III.  The  altitude  of  one  pole,  and  the  depreffion  of  the  other, 
at  any  place  on  the  earth’s  furface,  is  equal  to  the  latitude  of  that  place. 

Let  R be  a place  upon  the  earth’s  furface  ; Z,  N,  its  zenith  and  nadir  ; P,  S,  the  poles 
of  the  heavens,  and  F,  s,  the  poles  of  the  earth  ; EE,  the  celeftlal  equator,  ee,  the  terre fin- 
al, and  HO  the  horizon.  The  latitude  of  the  place  is  rR,  or  the  equal  arc  EZ  j and  PO  is 
the  elevation  of  one  pole,  and  HS  the  depreffion  of  the  other.  Becaufe  ZO  is  the  dillance 
of  the  zenith  from  the  horizon,  it  is  an  arc  of  90  degrees  and  becaufe  EP  is  the  diftance 
of  the  pole  from  the  equator,  it  is  alfo  an  arc  of  90  degrees  : ZO  and  EP  are  therefore  equal. 
Take  from  each  of  thefe  the  common  arc  ZP,  and  the  remainders  EZ  and  PO  are  equal. 
13ut  HS  and  PO  are  equal,  becaufe  they  fubtend  the  equal  angles  FITS,  P TO  : therefore 
the  elevation  of  one  pole  PO,  and  the  depreffion  of  the  other  HS,  are  equal  to  the  latitude 
of  the  place  EZ. 

Cor.  Hence  the  circumference  of  the  earth  may  be  meafured,  by  meafuring  the  length 
on  the  furface  of  the  earth  palled  over  in  a line  which  lies  north  and  fouth,  while  the  pole 
gains  one  degree  of  .elevation,  and  multiplying  this  length  by  360.  A degree  of  latitude 
contains  69^  Englifh  miles,  whence  24930  miles  is  the  raeafure  of  the  circumference  of  the 
earth,  and  the  radius  3985 ; but,  as  will  be  {hewn  hereafter,  the  earth  is  a fpheriod,  whofe 
polar  diameter,  is  to  the  equatorial  as  229  to  230. 

PROP.  IV.  The  elevation  of  the  equator  at  any  place  is  equal  to  the 
complement  of  its  latitude. 

Becaufe  ZO  is  equal  to  EP  (each  being  an  arc  of  90  degrees)  EZ  is  equal  to  PO,  that  is, 
(by  Prop.  III.)  to  the  latitude  of  the  place.  But  EH,  the  elevation  of  the  equator,  is  the 
complement  of  EZ,  it  is  therefore  equal  to  the  complement  of  the  latitude  of  the  place. 

PROP.  V.  The  earth  revolving  daily  round  its  axis  from  weft  to  eaft, 
the  heavenly  bodies  will  appear  to  a fpedtator  on  the  earth  to  revolve  in 
the  fame  time  from  call  to  weft. 

Let  RCBF  be  the  earth,  T its  centre,  HTO  the  rational  horizon  to  a fpedlator  at  R whofe 
zenith  is  Z j let  a ftar  appear  in  the  horizon  at  H.  The  earth  revolving  from  welt  to  eaft, 
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that  is,  in  the  order  of  the  letters  R,  C,  13,  F,  in  a fourth  part  of  one  revolution,  the  fpeftator 
will  be  carried  from  R to  C : conlequently,  his  horizon  will  become  ZN,  and  the  liar  which 
appeared  in  his  horizon  at  H when  he  was  at  R,  will  now  appear  nearly  in  the  zenith.  When 
another  fourth  part  of  the  revolution  is  completed,  the  fpecftator  will  be  at  B,  and  N being  now 
Ins  zenith,  and  HO  his  horizon,  the  ftar  will  be  let  with  refpefl  to  him,  and  will  not  rife  till 
lie  is  again  in  the  ftation  R,  that  is,  till  the  earth  has  completed  one  revolution.  Thus  whilft 
the  earth  has  turned  once  round  upon  its  axis  from  well  to  eaft,  all  the  heavenly  bodies  in  the 
concave  fphere  of  the  heavens  will  appear  to  have  turned  round  from  eafi  to  weft. 

PROP.  VI.  The  alternate  fucceiTion  of  day  and  night  is  th.e  effedt  of 
the  revolution  of  the  earth  round  its  axis. 

For,  all  the  heavenly  bodies  appearing  (Prop.  V.)  to  move  from  eaft  to  weft,  while  the 
earth  revolves  from  weft  to  eaft,  the  fun  will  appear,  in  each  revolution,  to  rife  above  the 
horizon  in  the  eaft,  and  after  deferibing  a portion  of  a circle,  to  fet  in  the  weft,  and  wall 
continue  below'  the  horizon,  till  by  the  revolution  of  the  earth  it  again  appears  in  the  eaft  ; ' 
and  thus  day  and  night  will  be  alternately  produced. 

Schol.  The  time  of  noon  is  found,  by  obferving  the  inftant  when  the  centre  of  the  fun 
is  cut  by  the  perpendicular  hair  in  a meridian  telefcope,  as  deferibed  Def.  XII.  Schol.  2,  or 
by  a fun-dial. 

SECT.  II. — Of  the  annual  Motion  of  the  Earth  round  the  Sun. 

PROP.  VII.  The  earth  revolving  round  the  fun  in  365  days,  6 hours, 

56  minutes,  4 feconds,  the  fun  appears  to  revolve  round  the  earth  in  the 
fame  time,  but  in  the  contrary  direction. 

Let  S reprefent  the  fun,  BAC  the  orbit  of  the  earth,  and  FGHE  the  (tarry  concave.  Plate  9. 
Whilfl:  the  earth  is  moving  from  A through  B to  C,  it  is  manifeft  that,  to  a fpeftator  on  the  Fl<=' 
earth,  the  fun  mud  appear  to  move  in  the  contrary  direction  from  E through  F to  G,  in  the 
great  circle  of  the  heavens  formed  by  the  plane  of  the  earth's  orbit.  In  like  manner,  while 
the  earth  is  palling  from  C to  A,  the  fun  will  appear  to  pafs  from  G to  E. 

Schol.  i.  It  is  manifeft  that  the  circle  in  which  the  fun  appears  to  move,  is  the  fame,  in 
which  the  earth  would  appear  to  move  to  a fpe£lator  in  the  fun.  Hence  the  apparent  place 
of  the  lun  being  found,  the  true  place  of  the  earth  in  its  orbit  is  known. 

Schol.  2.  I he  orbit  in  which  the  earth  revolves  round  the  fun  is  not  a circle  but  an  ellipfe, 
having  the  fun  in  one  of  its  foci.  For  tire  computations  of  the  fun’s  place,  upon  this  fup*- 
pofition,  allowing  for  tire  difturbing  forces  of  the  planets,  are  found  to  agree  with  obfervations. 

Bee  Prop.  XXXIII. 


I I 2 


Def. 


OF  ASTRONOMY. 


Book  VII.  Part  I, 


Def.  XXI.  The  circle  which  the  fun  appears  to  defcribe  annually  in 
the  concave  fphere  of  the  heavens,  is  called  the  Ecliptic. 

Def.  XXII.  A portion  of  the  heavens,  about  1 6 degrees  in  breadth, 
through  the  middle  of  which  paffes  the  ecliptic,  is  called  the  Zodiac . 

Schol.  Within  this  zone  lie  the  orbits  of  all  the  planets. 

Def.  XXIII.  The  liars  in  the  Zodiac  are  divided  into  12  Signs? 
Aries,  Taurus,  Gemini,  Cancer,  Leo,  Virgo,  Libra,  Scorpio,  Sagittarius, 
Capricorn,  Aquarius,  Pifces.  Figures,  rcprefenting  thefe  figns,  are  drawn 
upon  the  celehial  globe,  in  that  portion  of  its  fpherical  furface,  which  cor- 
refponds  to  the  portion  of  the  concave  fphere  of  the  heavens,  in  which  the 
liars  belonging  to  each  fign  are  refpeftively  placed. 

PROP.  VIII.  The  axis  of  the  earth  in  every  part  of  the  earth’s  revo- 
lution about  the  fun,  makes,  with  the  plane  of  its  orbit,  that  is,  of  the 
ecliptic,  an  angle  of  667  degrees. 

Let  BA  reprefent  the  plane  of  the  ecliptic  or  earth's  orbit,  feen  edgeways  ; S the  fun  ; and 
Vp  produced  the  axis  of  the  equator.  If  the  earth  be  at  S,  its  axis  is  not  perpendicular  to  the 
plane  of  the  ecliptic,  but  makes  an  angle  with  it,  PSA,  about  66°  30'.  In  any  other  part  of 
its  orbit,  as  at  M,  or  X,  the  axis  of  the  earth  is  ftill  inclined  to  the  plane  of  the  ecliptic  in  the 
fame  angle. 

Cor.  1.  The  axis,  in  any  one  part  of  the  orbit,  is  in  a pofition  parallel  to  that  in  which 
it  was  at  any  other  part  of  the  orbit.  Suppofnig  the  line  FG  to  reprefent  the  fituation  of  the 
axis  of  the  earth  when  at  DFG,  and  to  be  parallel  to  the  line  FII  ; then  when  the  earth  is  at 
dfg , or  any  other  part  of  its  orbit,  its  axis will  ftill  be  parallel  to  the  fame  line  HI,  therefore, 

is  parallel  to  FG. 

Cor.  2.  The  planes  of  the  equator  and  ecliptic,  make  with  each  other  an  angle  of  23-f 
degrees  nearly. 

ScfiOL.  The  obliquity  of  the  ecliptic  is  not  permanent,  but  is  continually  diminifhing, 
by  the  ecliptic  approaching  nearer  to  a parallelifm  with  the  equator,  at  the  rate  of  about  ~ 
a fecond  in  a year,  or  from  50^  to  55"  in  100  years.  The  inclination  at  this  time  is  23* 
28'  5"  nearly.  The  diminution  of  the  obliquity  of  the  ecliptic  to  the  equator  is  owing  to 
the  action  of  the  planets  upon  the  earth,  efpecially  the  planets  Venus  and  Jupiter.  The 
whole  variation,  it  is  faid,  can  never  exceed  one  degree,  when  it  will  again  increafe. 

The  obliquity  of  the  ecliptic  may  be  thus  found.  Obferve  with  a good  inftrument,  very 
accurately  divided,  the  meridian  altitude  of  the  fun’s  centre,  on  the  days  of  the  fummer  and 
winter  folftice,  then  the  difference  of  the  two,  will  be  the  diftance  between  the  tropics  5 the 
half  of  which  will  be  the  obliquity  fought. 
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By  the  fame  method,  the  declination  of  the  fun  for  every  day  in  the  year  may  be  found, 
and  a table  conftru&ed.  See  Prop.  XV"  III. 

Def.  XXIV.  The  ecliptic  being  divided  into  twelve  equal  parts,  each 
of  thefe  parts  is  called  a Sign  ; and  the  names  of  the  figns  in  the  ecliptic  are 
the  fame  with  thofe  in  the  zodiac,  but  do  not  exactly  correfpond  with  them. 

Def.  XXV.  The  two  points  in  which  the  ecliptic  cuts  the  equator, 
are  called  the  Equinoctial  Points  : the  vernal  equinox  is  at  the  ftrft  degree  of 
Aries  in  the  ecliptic  ; the  autumnal,  at  the  lirft  of  Libra. 

Schol.  The  moment  of  time  in  which  the  fun  enters  the  equator,  may  be  found  by 
obfervation,  the  latitude  of  the  place  of  the  obferver  being  known.  For  in  the  equinottial 
day,  or  near  it,  with  an  inftrument  exactly  divided  into  degrees,  minutes,  and  parts  of  min- 
utes, take  the  meridian' altitude  of  the  fun  : if  it  be  equal  to  the  altitude  of  the  equator,  ot- 
to the  complement  of  the  latitude,  the  fun  is  then  in  the  equator  •,  but  if  it  is  not  equal, 
mark  the  difference,  which  will  be  the  declination  of  the  fun.  The  next  day,  again  obferve 
the  meridian  altitude  of  the  fun,  and  gather  from  thence  his  declination.  If  thefe  two  de- 
clinations be  of  different  kinds,  as  the  one  fouth  and  the  other  north,  the  equinox  happens 
fome  time  between  the  two  obfervations  ; if  they  be  both  of  the  fame  fort,  the  fun  has 
either  not  entered  the  equino£lial,  or  has  pafl  it.  And  from  thefe  two  obfervations  of  the 
fun’s  declination,  the  moment  of  the  equinox  is  thus  inveftigated. 

Let  GAB  be  a portion  of  the  ecliptic,  EAQ^  an  arc  of  the  equator,  and  let  their  inter-  piate  9, 
fe&ion  be  in  A.  Let  CE  be  the  declination  of  the  fun  at  the  time  of  the  firfl  obfervation,  i;,g-  9- 
OD  his  declination  in  the  fecond  obfervation  ; the  arc  CO  will  be  the  motion  of  the  1'un  in 
the  ecliptic  for  one  day.  In  the  fpherical  triangle  AEG,  right-angled  at  E,  we  have  the 
angle  A which  the  equator  and  the  ecliptic  make,  as  alfo  CE  the  declination- of  the  fun, 
known  by  obfervation,  by  which  may  be  found  the  arc  CA.  And  in  the  fame  manner  in  the 
triangle  AOI)  the  fide  AO  is  found  ; and  thence  the  arc  GO,  which  is  the  fum  or  difference 
of  the  arcs  CA,  AO.  Therefore  as  CO  is  to  CA,  fo  is  24  hours  to  the  time  between  the 
firft  obfervation,  and  the  moment  of  the  ingrefs  of  the  fun  to  the  equinox. 

Def.  XXVI.  The  points  of  the  ecliptic  which  are  at  the  greateft  dis- 
tance from  the  equator,  are  called  the  Solflices ; and  the  circles  which  pafs 
through  thefe  points  parallel  to  the  equator,  are  called  the  Tropics  : the  fum- 
mer  folftice  is  at  the  firft  of  Cancer,  the  winter  folftice  at  the  hrft  of  Capri- 
corn : the  northern  tropic  is  called  the  tropic  of  Cancer,  the  fouthern,  of 
Capricorn. 

Cor.  Ihe  fun  is  once  in  the  year  at  each  of  the  tropics,  and  twice  at  the  equator. 

Def.  XXVII.  Circles  which  pafs  through  the  poles  at  right  angles  to 
the  equator,  or  any  other  great  circle,  are  called  Secondaries  to  that  circle : 

the 
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the  fee  oriel  ary  which  paffes  through  the  equino&ial  points,  is  called  the 

EquinoElial  Colure. 

Def.  XXVIII.  That  pole  which  is  neareft  the  tropic  of  Cancer,  is  call- 
ed the  North  Pole ; that  which  is  neareft  the  tropic  of  Capricorn,  is  called, 
the  South  Pole. 

Def.  XXIX.  An  imaginary  line  palling  through  the  centre  of  the 
ecliptic,  and  perpendicular  to  the  plane  of  it,  is  the  Axis  of  the  Ecliptic  : its 
extremities  are  the  Poles  of  the  Ecliptic , and  all  circles,  palling  through 
thefe  poles,  and  perpendicular  to  the  ecliptic,  are  its  fecondaries. 

Cor.  The  axis  of  the  ecliptic  makes  an  angle  of  23-E  degrees  nearly  with  that  of  the 
equator.  Compare  Prop.  VIII.  Cor.  2.  and  Scliol. 

Def.  XXX.  The  Polar  Circles  are  deferibed  by  the  revolution  of  the 
poles  of  the  ecliptic  about  the  poles  of  the  equator  ; that  which  is  next  to 
the  north  pole,  is  called  the  ArElic  circle  ; the  oppofite,  the  AntarSlic  circle. 

Def,  XXXI.  The  Declination  of  any  heavenly  body,  is  its  didance 
from,  the  equator  ; this  is  either  northern  or  fouthern.  The  degrees  of 
declination  of  any  body  are  reckoned  upon  a fecondary  of  the  equator 
paffing  through  that  body, 

Def.  XXXII.  The  Right  Afcenfion  of  any  heavenly  body,  is  its  dif- 
tance from  the  fird  of  Aries  reckoned  upon  the  equator  : this  is  meafured, 
by  obferving  the  arc  which  is  intercepted  between  Aries  and  a fecondary 
to  the  equator  paffing  through  the  fun  or  ftar. 

Def.  XXXIII.  The  Latitude  of  any  heavenly  body  is  its  didance 
from  the  ecliptic  ; and  the  degrees  of  latitude  are  reckoned  on  a fecondary 
of  the  ecliptic  paffing  through  the  body. 

Def.  XXXIV.  The  Longitude  of  any  heavenly  body  is  its  di dance 
from  the  fird  of  Aries  ; and  is  meafured  on  the  ecliptic  by  the  arc  inter- 
cepted between  the  fird  of  Aries  and  the  fecondary  of  the  ecliptic  which 
paffes  through  the  body  : the  longitude  increafes,  as  the  body  recedes  from 
Aries,  through  the  whole  revolution,  till  it  reaches  360°,  or  comes  again 
lo  Aries, 
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Def.  XXXV.  Two  bodies  are  Raid  to  be  in  Conjunclion  with  each 
other,  when  they  have  the  fame  longitude,  or  are  in  the  fame  fecondary 
of  the  ecliptic  on  the  fame  fide  of  the  heavens,  though  their  latitude  be 
different : they  are  faid  to  be  in  Oppofiion , when  their  longitudes  differ  half 
a circle,  or  they  are  on  oppofite  fides  of  the  heavens. 

PROP.  IX.  The  axis  of  the  heavens  is  perpendicular  to  the  planes  of 
all  the  circles  which  the  heavenly  bodies  defcribe  in  their  apparent  diurnal 
motions. 

For  the  heavenly  bodies,  from  the  revolution  of  the  earth  round  its  axis,  appear  to  move 
from  eaft  to  weft  in  circles  perpendicular  to  the  axis. 

Cor.  i.  The  planes  of  all  thefe  circles  are  parallel  to  the  equator. 

Cor.  2.  The  axis  pafi'es  through  the  centres  of  the  circles. 

Def.  XXXVI.  The  celeftial  fphere  is  called  right , oblique , ox  parallel, 
as  the  celeftial  equator  is  at  right  angles,  oblique,  or  parallel  to  the  horizon, 

PROP.  X.  In  all  places  on  the  equator,  the  poles  lie  in  the  horizon, 
and  all  the  circles  of  daily  motion  make  right  angles  with  the  horizon. 

For  thefe  places  (by  Def.  XVIII.)  having  no  latitude,  the  poles  (by  Prop.  III.)  are  neither 
elevated  above  nor  deprefied  below  the  horizon  and  fince  the  equator  is  90  degrees  from 
the  poles,  it  is  at  right  angles  to  the  horizon,  and  alfo  all  circles  parallel  to  it. 

PROP.  XI.  Thofe  who  live  at  the  equator  are  in  a right  fphere  ; and1, 
confequently,  their  days  and  nights  are  always  equal. 

The  great  circle  of  the  celeftial  equator  and  its  parallels  (by  laft  Prop.)  make  right  angles  Plate 
with  the  horizons  of  all  places  in  the  earth’s  equator  j therefore  (by  Def.  XXXVI.)  the  Flg 
inhabitants  of  thofe  places  live  in  a right  fphere.  lienee,  becaufe  the  celeftial  axis  PTS  is  in 
the  plane  of  their  horizon,  and  that  this  axis  is  at  right  angles  to  the  plane  of  the  equator, 
and  (by  Prop.  X.)  paffes  through  its  centre  and  through  that  of  all  circles  parallel  to  the 
equator,  the  plane  of  the  horizon  alfo  pafles  through  the  centres  of  thefe  circles  ; and  con- 
fequently divides  the  equator  and  its  parallels  into  two  equal  parts.  One  half  of  thefe  circles 
will  therefore  always  be  above  the  horizon,  and  the  other  half  below  it.  But  each  of  the 
heavenly  bodies  in  their  daily  motion  deferibes  feme  one  of  thofe  circles,  and  the  diurnal 
motion  of  the  earth  is  uniform  ; therefore  any  heavenly  body  will,  in  this  fituation,  be  juft 
as  long  above  the  horizon  as  below  it.  And  becaufe  this  will  be  the  cafe  with  refpedl  to  the 
fun,  as  well  as  any  other  body,  in  whatever  part  of  the  heavens  he  is  feen,  the  days  and 
nights  at  the  equator  will  always  be  of  equal  length. 
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PROP.  XII.  At  the  poles  of  the  earth,  one  celeftial  pole  is  in  the 
zenith,  and  the  other  in  the  nadir  ; the  equator  coincides  with  the  horizon, 
and  all  the  circles  of  daily  motion  are  parallel  to  the  horizon. 

For  the  latitude  of  the  poles  is  90  degrees  from  the  equator,  and  the  circles  of  daily  motion 
are  parallel  to  the  equator. 

PROP.  XIII.  Thofe  who  live  at  either  pole  are  in  a parallel  fphere  ; 
they  fee  the  heavenly  bodies  carried  round  them  in  circles  parallel  to  the 
horizon,  and  their  day  and  their  night,  continues  each  half  year. 

An  inhabitant  at  P has  the  equator  EQ^  in  the  horizon,  and  all  its  parallel  circles  alfo 
parallel  to  the  horizon.  Therefore  each  of  the  heavenly  bodies,  in  its  apparent  daily  motion, 
being  in  fome  one  of  thefe  circles,  mud;  defcribe  a path  parallel  to  the  horizon  : fo  that  thofe 
which  are  above  the  horizon  will  never  fet  by  this  motion,  and  thofe  which  are  below  it 
will  never  rife.  The  fun,  therefore,  in  this  fituation,  will  not  rife  or  fet  by  the  diurnal 
motion  of  the  earth.  But  from  the  annual  motion  of  the  earth,  the  fun  daily  changes  its 
apparent  place  in  the  heavens,  till  it  has  del’cribed  the  circle  of  the  ecliptic  CL ; one  half 
of  which  is  above  the  horizon,  and  the  other  half  below  it,  becaufe  thefe  circles  have  a 
common  centre  T,  the  centre  of  the  earth.  Therefore,  for  one  half  of  the  year  the  fun 
will  be  in  fome  part  of  CT,  that  half  of  the  ecliptic  which  is  above  the  horizon,  and  will 
daily  revolve  in  circles  above  the  horizon  *,  and  for  the  other  half,  it  will  be  in  fome  part  of 
XL,  and  will  perform  its  daily  revolutions  in  circles  below  the  horizon. 

PROP.  XIV.  In  any  place  between  the  poles  and  the  equator,  one 
celeftial  pole  will  be  elevated,  and  the  other  deprefled,  at  an  angle  lefs  than 
a right  angle  ; and  the  celeftial  equator  will  make  an  angle  lefs  than  a 
right  angle  with  the  horizon. 

For,  fmce  the  place  is  not  in  the  equator,  it  has  fome  latitude  ; and  fince  it  is  not  at  either 
of  the  poles,  its  latitude  is  lefs  than  90  degrees  : whence  (by  Prop.  III.)  the  poles  are  elevated, 
or  deprefled,  in  an  angle  lefs  than  a right  angle  ; and  confequently  the  equator,  which  is 
perpendicular  to  the  axis,  makes  an  angle,  lefs  than  90  degrees  with  the  horizon. 

PROP.  XV.  Thofe  who  live  on  any  part  of  the  furface  of  the  earth 
between  the  equator  and  either  pole,  are  in  an  oblique  fphere,  and  have  all 
the  circles  of  daily  motion  oblique  to  their  horizon. 

Let  HO  be  the  horizon  of  a place  which  lies  between  the  earth’s  equator  and  either  of  its 
poles  ; the  celeftial  equator  EQ^,  and  all  its  parallel  circles,  will  be  oblique  to  the  horizon, 
and  therefore  each  of  the  heavenly  bodies,  being  in  fome  one  of  thefe  circles,  will  appear 
to  move  in  3 path  oblique  to  the  horizon. 
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PROP.  XVI.  When  the  fun,  in  his  annual  apparent  courfe,  is  in  the 
points  in  which  the  ecliptic  cuts  the  equator,  the  day  and  night  will  be  of 
the  fame  length  at  all  places  on  the  furface  of  the  earth  : but,  when  the  fun 
is  in  any  other  part  of  the  ecliptic,  the  days  will  be  longer  as  the  fun’s  de- 
clination towards  the  elevated  pole  increafes,  and  fhorter  as  its  declination 
towards  the  deprelfed  pole  increafes. 

The  plane  of  the  horizon  HO,  of  any  place,  palTing  through  T,  the  centre  of  the  fphere,  Plate  9. 
and  alfo  through  the  centre  of  the  equator,  divides  the  equator  CL  into  two  equal  parts,  one  Fig'  I0‘ 
half  above,  and  the  other  half  below  the  horizon.  When  therefore  the  fun  has  no  decli- 
nation, or  is  in  the  equator,  it  will  appear  in  its  daily  revolution  to  deferibe  the  equator  CL, 
and,  therefore,  during  one  half  of  the  revolution,  it  will  be  above  the  horizon,  and,  during 
the  other  half,  below  it. 

But  fuppofe  the  fun  to  have  its  declination  towards  P,  the  elevated  pole,  equal  to  E/;?  : 
its  diurnal  apparent  revolution  will  be  in  the  circle  mm,  the  centre  of  which  is  in  a part  of 
the  axis  above  the  horizon  ; whence  the  plane  of  the  horizon  does  not  pafs  through  the 
centre,  and  confequently  the  circle  mm  is  divided  into  two  unequal  parts,  the  greater  above 
the  horizon,  and  the  lefs  below  it.  Therefore  the  fun,  deferibing  the  circle  mm,  with  an 
uniform  velocity,  in  its  apparent  diurnal  revolution,  will  be  longer  in  deferibing  the  part 
above  the  horizon,  than  the  part  below  it.  And  this  difference  manifefily  increafes,  as  tiie 
circle  of  the  fun’s  apparent  diurnal  motion  recedes  from  the  equator,  that  is,  as  the  fun’s 
declination  towards  P increafes.  In  like  manner,  it  may  be  fhewn,  that  the  days  will  be* 
fhorter,  as  the  fun’s  declination  towards  the  deprefled  pole  increafes. 

Or  thus  : Let  AB  reprefent  the  plane  of  the  ecliptic  feen  edgeways  ; S the  fun  in  the  focus  plate  9. 
of  t]re  orbit  ; MO,  KL,  XY,  the  earth  in  different  parts  of  its  orbit.  If  FI,  the  axis  of  the  FiS  7 •’ 
ecliptic  BA,  were  alfo  the  axis  of  the  earth,  that  is,  if  the  planes  of  the  equator  and  ecliptic 
were  coincident,  it  is  manifeft  that  the  fun,  the  apparent  annual  motion  of  which  is  in  the 
plane  of  the  ecliptic,  would  at  all  times  of  the  year  appear  to  move  in  the  circle  of  the 
equator,  and  to  be  equally  diftant  from  the  poles,  and  confequently  could  produce,  by  its 
apparent  motion,  no  varieties  in  the  length  of  days  and  nights.  But  the  earth’s  axis  being 
inclined  to  the  plane  of  its  orbit,  as  P/>,  when  the  earth  is  at  MO,  the  pole  P will  be  towards 
the  fun,  and  the  pole  p turned  from  it,  and  the  reverfe  when  the  earth  is  arrived  at  XY. 

When  the  earth  is  in  the  middle  Ration  between  B and  A,  in  either  part  of  its  orbit,  both 
the  poles  will  be  in  the  circle  illuminated  as  at  KL. 

In  the  pofition  MO,  fince  the  fun  mull  always  illuminate  one  half  of  the  globe,  the 
light  will  pafs  beyond  the  pole  P as  far  as  F,  and  will  extend  towards  the  pole  p no  farther 
than  I.  Confequently,  in  the  diurnal  revolution  of  the  earth  round  its  axis,  while  the 
earth  remains  in  this  pofition,  all  the  parts  of  the  globe  between  F and  G will  be  illuminat- 
ed, and  all  the  parts  between  I and  II  will  be  dark.  Farther,  in  this  pofition  greater  portion's 
of  thofe  parallels  which  lie  between  the  equator  and  the  circle  FG,  will  at  any  inftant  be  in 
the  illuminated,  than  in  the  dark,  hernifphere  ; and,  on  the  contrary,  greater  portions  of 
thofe  which  lie  between  the  circle  HI  and  the  equator,  will  at  any  inftant  be  in  tire  dark, 
than  in  the  enlightened,  hernifphere.  Confequently,  any  given  place  on  the  fide  of  the 
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equator  towards  P,  will,  in  one  diurnal  revolution,  be  longer  in  the  light  than  in  the  dark, 
and  the  reverfe  on  the  fide  towards  p.  The  difference  between  the  length  of  day-light  and 
night,  will  decreafe  on  either  fide  of  the  equator,  as  we  approach  towards  it  5 and  at  the 
equator,  the  illuminated  and  dark  portions  of  the  circle  being  always  equal,  the  days  and 
nights  will  be  of  equal  length.  The  contrary  to  all  this  will  take  place  in  the  fituation  XY. 
Continual  variations  will  take  place,  while  the  earth  pafles  from  MO  to  KL,  and  from 
KL  to  XY.  But  in  the  fituation  KL,  the  illumination  extending  exa£lly  to  both  poles,  all 
the  parallel  circles  are  half  illuminated,  and  half  dark  : confequently,  any  place  upon  the 
globe  will,  in  a diurnal  revolution,  have  equal  portions  of  light  and  darknefs  ; that  is,  day  and 
night  will  be  every  where  of  equal  length.  This  mull  happen  twice  in  every  annual  revolution. 

Cor.  1.  All  bodies  which  are  on  the  fame  fide  of  the  equator  with  the  fpedlator,  con- 
tinue longer  above  the  horizon  than  below  it,  and  vice  verfa. 

Cor.  2.  As  the  orbits  of  the  moon  and  planets  are  inclined  to  the  equator,  a variation 
of  the  times  of  their  continuance  above  and  below  the  horizon  will  take  place. 

Schol.  ;.  When  the  fun  is  very  near  either  of  the  tropics,  the  days  do  not  appear  of 
different  lengths,  for  the  circles  of  apparent  diurnal  motion  are  fo  near  to  each  other,  that 
they  cannot  be  fenfibly  diltinguifhed. 

Schol.  2.  The  different  degrees  of  heat  at  different  feafons  of  the  year  are  owing  partly 
to  the  different  lengths  of  the  days,  and  partly  to  the  different  degrees  of  obliquity  with 
which  the  rays  fall  upon  the  atmofphere  at  different  altitudes  of  the  fun. 

* PROP.  XVII.  When  the  fun,  or  any  other  heavenly  body,  Is  in  the 
equator,  it  rifes  in  the  eaft,  and  fets  in  the  weft. 

For  it  then  rifes  and  fets  in  the  points  in  which  the  equator  cuts  the  horizon  ; that  is, 
becaufe  the  equator  is  at  right  angles  to  the  meridian,  which  paffes  through  the  north  and 
fouth  points,  in  the  points  of  eaft  and  weft. 

Cor.  In  north  latitude,  thofe  bodies  which  have  north  declination,  rife  between  the  eaft 
and  north  j thofe  which  have  fouth  declination,  rife  between  the  eaft  and  fouth. 

PROP.  XVIII.  When  the  declination  of  the  fun  is  towards  the  elevated 
pole,  its  meridian  altitude  is  equal  to  its  declination  added  to  the  elevation 
of  the  celeftial  equator  : when  its  declination  is  towards  the  depreffed  pole, 
its  meridian  altitude  is  equal  to  its  declination  fubtraded  from  the  eleva- 
tion of  the  equator. 

Let  HO  be  the  horizon,  T the  earth,  P and  S the  celeftial  poles,  D the  zenith,  N the 
nadir,  EQ^thc  equator.  If  the  fun  be  at  C,  having  its  declination  towards  the  elevated 
pole  P,  when  it  arrives  at  the  meridian  PS,  its  meridian  altitude  CH  is  equal  to  the  fum  of 
CE  its  declination,  and  EH  the  elevation  of  the  equator.  If  the  fun  be  at  I,  having  its 
declination  towards  the  depreffed  pole  S ; when  it  arrives  at  the  meridian,  its  altitude  III 
is  equal  to  the  difference  of  EH  the  elevation  of  the  equator,  and  El  the  fun’s  declination, 
as  appears  from  the  figure.  PROP. 
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PROP.  XIX.  When  the  declination  of  a heavenly  body  towards  the 
elevated  pole,  is  equal  to  the  latitude  of  any  place,  the  body  will  pafs 
through  the  zenith  of  that  place  : and  when  its  declination  towards  the 
deprefled  pole  is  equal  to  the  latitude,  it  will  pafs  through  the  nadir. 

Any  ftar  or  planet  which  paffes  through  D,  the  zenith,  in  its  apparent  diurnal  revolution 
mult  defcribe  the  circle  DO  ; whence  its  diftance  from  the  equator  or  declination  will  be 
ED.  But  ED  is  the  diftance  of  the  zenith  from  the  equator,  which,  becaufe  the  elevation 
of  the  equator  is  equal  to  the  complement  of  latitude,  (Prop.  IV.)  is  equal  to  the  latitude. 
•In  like  manner  the  reverfe  may  be  proved. 

PROP.  XX.  A heavenly  body  feen  from  any  place,  will  never  fet 
from  the  diurnal  motion  of  the  earth,  if  the  complement  of  its  declination 
towards  the  elevated  pole  be  equal  to,  or  lels  than,  the  latitude  of  the  place  : 
and  it  will  never  rife,  if  the  complement  of  its  declination  towards  the  de- 
prefied  pole  be  equal  to,  or  lefs  than,  the  latitude. 

Let  PD,  which  is  the  complement  of  declination  of  a body  at  D,  and  alfo  the  diftance  of 
the  body  at  D from  the  pole,  be  equal  to  PO,  the  elevation  of  the  pole,  or  (by  Prop.  III.) 
the  latitude  ; it  is  manifeft,  that  the  body  at  its  loweft  deprefTion  will  be  no  farther  from  the 
pole  than  the  horizon  is  •,  that  is,  will  never  be  below  it.  In  like  manner  the  reverfe  may 
be  fhewn.  A parallel  of  latitude,  as  DO,  at  a diftance  from  the  elevated  pole  equal  to  the 
latitude  of  the  place,  is  called  the  circle  of  perpetual  apparition  ; and  a parallel,  as  HN,  at  the 
fame  diftance  from  the  other  pole,  the  circle  of  perpetual  occultation. 

Schol.  The  latitude  of  a place  may  be  found,  by  obferving  the  greatefl  and  leaft  alti- 
tude of  a fixed  ftar  that  never  fets. 

Let  A be  a ftar  near  the  north  pole,  which  in  its  daily  motion  defcribes  the  circle  AB 
without  Petting.  A quadrant  being  placed  in  the  plane  of  the  meridian,  or  along  the 
meridian  line,  obferve  its  altitude  w'hen  it  is  at  A,  and  afterwards  when  at  B ; the  difference 
of  thcfe  altitudes  is  AB.  And,  fmce  the  ftar,  in  its  revolution  about  the  pole,  is  always  at 
equal  diftances  from  it,  if  AB  be  bife£ted  in  P,  this  point  will  be  the  pole,  and  confequent- 
ly  PO  will  be  the  elevation  of  the  pole.  But,  fmce  the  lengths  of  the  arcs  AO,  BO,  have 
been  found  by  obfervations,  their  difference  AB,  and  the  half  of  this  difference,  AP,  or  BP, 
is  known  : and  PO  is  equal  to  BP+BO,  or  to  AO — PA.  Whence  the  elevation  of  the 
pole,  that  is,  the  latitude,  is  equal  to  the  fum  of  the  leaf!  altitude  added  to  half  the  difference 
of  the  greateff  and  leaft  altitude,  or  it  is  equal  to  the  remainder  arinng  from  fubtradling 
half  the  difference  of  the  greateff  and  leaft  altitudes  from  the  greateff  altitude. 

Or,  the  latitude  may  be  found  from  the  fun's  meridian  altitude  and  declination.  If  the  fun’s 
meridian  altitude,  found  by  a quadrant,  be  CPI,  this  altitude  is  equal  to  the  fun’s  declination 
CE,  added  to  the  elevation  of  the  equator  EH.  Therefore,  if  CE,  the  declination  towards  the 
elevated  pole,  be  taken  from  the  meridian  altitude,  the  remainder  EH  will  be  the  elevation  of 
the  equator.  But  fmce  the  elevation  of  the  equator  is  the  complement  of  latitude,  the  lat- 
itude is  the  complement  of  the  elevation  of  the  equator.  This  elevation,  therefore,  being 
found,  the  latitude  of  the  place  is  knowm.  Or, 
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Or,  the  latitude  of  a place  is  equal  to  the  fun’s  meridian  zenith  dillance,  added  to  his  de- 
clination, when  he  pafles  the  meridian  between  the  zenith  and  the  equator. 

Ex.  1.  fo  find  the  latitude  from  an  obfervation  of  the  fun’s  altitude,  Aug.  7,  1776,  at 
the  Obfervatory  at  Cambridge. 

Apparent  meridian  altitude  of  the  fun’s  lower  limb 
Sun’s  apparent  femi-diameter,  from  the  Ephemeris 


53°  46'  8" 


Apparent  altitude  of  the  fun’s  centre 
Deduct  for  refraction  - 

Altitude  of  the  fun’s  centre  - 

Zenith  dillance  of  the  fun’s  centre  is  found  by  fub- 
tracling  the  laft  altitude  from  90°  - 

Add  the  fun’s  declination  - 


Latitude  of  the  place 


the  latitude. 


Obferved  altitude 
Therefore,  Zenith  dillance 

Declination  of  Sirius 
Confequently,  the  latitude  required 


0 

J5 

5° 

54 

1 
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3° 
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Def.  XXXVII.  The  two  tropics  and  two  polar  circles  upon  the  fur- 
face  of  the  earth,  divide  it  into  live  parts,  called  Zo?ies  : the  torrid  zone  lies 
between  the  two  tropics  ; the  temperate  zones  between  the  tropics  and  po- 
lar circles  ; and  the  frigid  zones  between  the  polar  circles  and  the  poles. 


PROP.  XXI.  At  any  place  in  the  torrid  zone  the  fun  is  vertical  twice 
every  year. 

The  fun  in  palling  from  the  equator  to  the  tropic  of  Cancer,  23I  degrees  from  the  equator, 
has  every  northern  declination  from  o to  234  : and  every  place  between  the  equator  and  the 
tropic  of  Cancer  has  fome  northern  latitude  between  o and  23 ? : therefore,  in  fome  part  of 
its  courfe  from  the  equator  to  the  tropic  of  Cancer,  the  fun  mull  have  a declination  equal  to 
the  latitude  of  every  place  between  the  equator  and  the  tropic  : whence  it  mull  be  once  in  the 
zenith  of  every  fuch  place  in  its  courfe  towards  the  tropic  of  Cancer.  For  the  fame  reafon  it 
muft  be  once  in  the  zenith  of  every  fuch  place  in  its  courfe  from  the  tropic  to  the  equator. 
The  like  may  be  (hewn  on  the  fouthern  fide  of  the  equator. 

PROP.  XXII.  The  fun  is  vertical  once  every  year  at  the  places  which 
lie  in  the  tropics. 


For  the  fun’s  declination  is  then  23^  degrees,  equal  to  the  latitude  of  the  tropics. 


PROP. 


Chap.  II. 


OF  THE  EARTH. 


PROP.  XXIII.  At  the  polar  circles,  the  longeft  day,  and  the  longeft 
night,  is  24  hours. 

When  the  fun  is  in  the  tropic  of  Cancer,  the  complement  of  its  declination  towards  the  el- 
evated pole  is  66 [ degrees,  equal  to  the  latitude  of  the  ar&ic  polar  circle  : on  this  day,  there- 
fore, (by  Prop.  XX.)  the  fun  will  not  fet.  When  the  fun  is  in  the  tropic  of  Capricorn,  the 
complement  of  its  declination  towards  the  deprelfed  pole  will  be  66>\  degrees,  equal  to  the 
latitude  of  the  ar&ic  pole  5 whence  the  fun  will  not  rife  during  that  day.  The  fame  may  be 
fhewn  with  refpecb  to  the  antardlic  circle. 


26’t 


PROP.  XXIV.  The  longeft  day,  and  the  longeft  night,  are  each  of 
them  more  than  24  hours  within  the  frigid  zone. 

For,  while  the  fun’s  complement  of  declination  towards  the  elevated  pole  is  lefs  than  the 
latitude  of  the  place,  the  fun  will  not  fet ; while  the  complement  of  declination  towards  the 
deprefled  pole  is  lefs  than  the  latitude  of  the  place,  it  will  not  rife  : but  this  mud  be  the  cafe 
with  refpedl  to  every  place  within  the  frigid  zones,  in  fome  part  of  the  fun’s  courfe  towards 
the  tropics. 

PROP.  XXV.  The  fun  is  never  vertical  to  any  place  in  either  of  the 
temperate  zones. 

For  the  latitude  of  all  places  in  the  temperate  zone,  is  greater  than  any  declination  of  the 
fun. 


PROP.  XXVI.  The  longeft  day,  and  the  longeft  night,  in  any  part 
of  the  temperate  zones,  are  lefs  than  24  hours  ; and  the  days  and  nights 
will  be  longer,  the  nearer  the  place  is  to  the  polar  circles. 

For  the  complement  of  the  fun’s  declination  can  never  be  lefs  than,  or  equal  to,  the 
latitude  of  any  place  in  the  temperate  zones  ; whence  the  fun  will  rife  and  fet  every  day 
wdthin  thefe  zones.  But  the  farther  any  place  is  removed  from  the  equator,  the  nearer  the 
latitude  approaches  to  an  equality  with  the  complement  of  the  fun’s  greateft  declination, 
when  the  day  is  24  hours  •,  that  is,  at  the  polar  circles. 

PROP.  XXVII.  At  different  places,  the  hour  of  the  day  differs  in 
proportion  to  the  difference  of  longitude  ; 15  degrees  of  longitude  making 
the  difference  of  one  hour  in  time  ; 15',  one  minute  of  time,  15",  one 
lecond  of  time  : and  it  is  feen  at  any  given  place  fooner  than  at  places 

which  lie  to  the  weft  of  it,  and  later  than  at  places  which  lie  to  the  eaft 
of  it. 
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The  fun  in  its  daily  apparent  motion,  which  is  from  eaft  to  weft,  muft  arrive  at  the 
meridian  of  any  given  place,  as  London,  fooner  than  it  will  arrive  at  the  meridian  of  any 
place  which  lies  to  the  weft  of  London,  and  later  than  at  the  meridian  of  any  place  to  the 
eaft  of  London  : that  is,  fince  it  is  noon  at  any  place  when  the  fun  is  in  its  meridian,  it 
will  be  noon  at  London  iooner  than  at  places  welt,  and  later  than  at  places  eaft,  of  it. 

For  example,  if  any  place  lies  15  degrees  eaft  of  London,  that  is,  has  15  degrees  of 
eaftern  longitude  from  London  taken  as  the  firft  meridian,  the  fun  will  be  one  hour  fooner 
at  its  meridian  than  at  the  meridian  of  London  ; for,  fince  the  fun  every  day  appears  to 
make  a complete  revolution  from  any  meridian  to  the  fame,  in  24  hours,  it  will  in  every 
hour  defcribe  a 24th  part  of  the  circle,  that  is,  15°.  And  fince  a minute  of  a circle  is  a 60th 
part  of  a degree,  and  a fecond  of  a circle  a 6pth  part  of  a minute,  and  15'  the  60th  part  of 
150,  and  15"  the  60th  part  ©f  15',  the  fun  will  move  at  the  rate  of  15'  in  every  6otli  part  of 
an  hour,  and  15"  in  every  60th  part  of  a minute,  that  is,  in  every  minute  or  fccond  of  time. 
Confequeutl.y,  .it  will  be  noon  one  minute  or  one  fecond  fooner  at  a plage  which  is  15'  or  15" 
eaft  of  London,  than  at  London. 

PROP.  XXVIII.  The  difference  of  longitude  at  two  places  may  be 
found  by  obferving,  at  the  fame  time  from  both  places,  fome  inftantaneous 
appearance  in  the  heavens. 

If  the  eclipfe  of  Jupiter’s  innermoft  fatellite,  on  the  inftant  of  its  immerfion  into  the 
fhadow  of  Jupiter,  be  obferved  by  two  perfons  at  different  places,  it  will  be  feen  by  both  at 
the  fame  inftant.  But  if  this  inftant  be  half  an  hour,  for  example,  fooner  at  one  place  than 
•at  the  other,  becaufe  the  places  differ  half  an  hour  in  their  reckoning  of  time,  their  difference 
of  longitude  (by  Prop.  XXVII.)  is  7 °.  30'. 

ScHOL.  From  tables  of  eclipfes  correftly  calculated  for  any  place,  the  longitude  of  any 
place  may  be  found  by  one  obferver.  But  fuch  obfervations  can  only  be  made  with  certainty 
by  land,  on  account  of  the  motion  of  a fliip  at  fea.  In  order  to  determine  accurately  the 
longitude  at  fea,  it  is  neceffary  to  have  a clock  which  fhall  not  be  fenftbly  afl'edfed  by  differ- 
ence of  climate,  difference  of  gravity  at  different  places,  or  the  motion  of  the  fliip.  Such  a 
clock  fet  for  the  meridian  of  London  would  conftantly  fliew  the  hour  of  the  day  at  London, 
which  it  is  eafy  to  compare  with  the  hour  of  the  day  where  the  fliip  is,  found  by  obferva- 
tions on  the  fun  or  ftars. 

PROP.  XXIX.  Tliofe  who  live  in  oppofite  femicircles  of  the  fame 
meridian,  but  in  the  fame  circle  of  latitude,  have  oppofite  hours  of  the  day, 
but  the  fame  fcafons. 

Being  both  on  the  fame  fide  of  the  equator  and  at  the  fame  diftance  from  it,  when  the 
fun’s  declination  makes  it  fummer  or  winter  in  one  of  the  places,  it  will  be  the  fame  at  the 
other  : but  becaufe  they  are  diftant  from  each  180  degrees  of  longitude,  when  it  is  noon  at 
one  place  it  will  be  midnight  at  the  other  : thefe  are  called  Periaci, 
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PROP.  XXX.  Thofe  who  live  in  oppofite  circles  of  latitude,  but  in 
the  fame  femicircle  of  the  meridian,  have  oppofite  feafons  of  the  year,  but 
the  fame  hour  of  the  day. 

When  the  fun  has  declination  towards  the  north  pole,  it  will  be  fummer  to  thofe  who  lire 
in  the  northern  circle  of  latitude,  and  winter  to  thofe  who  live  in  the  fouthern  circle  of 
latitude.  But,  having  the  fame  longitude,  their  hours  of  the  day  will  be  the  fame  : thefe 
are  called  Antceci. 

PROP.  XXXI.  Thofe  who  live  in  oppofite  circles  of  latitude  and 
oppofite  femicircles  of  the  meridian,  have  both  oppofite  feafons  of  the  year, 
and  oppofite  hours  of  the  day. 

Becaufe  they  are  in  oppofite  latitudes,  they  will  have  oppofite  feafons  ; and  becaufe  they 
are  in  oppofite  femicircles  of  the  meridian,  they  will  have  noon  when  it  is  midnight  at  the 
other  : thefe  are  called  Antipodes. 

Def.  XXXVfll.  Twelve  fecondarics  to  the  celeftial  equator  being 
conceived  to  be  drawn  at  equal  diftances  from  each  other,  that  is,  dividing 
the  equator  into  24  equal  parts,  and  the  meridian  of  any  place  being  made 
one  of  thefe  fecondaries,  they  are  called  Hour-Circles  of  that  place. 
Compare  Prop.  XXVII. 

PROP.  XXXII.  If  the  celeftial  fphere  had  an  opake  axis,  the  fhadow 
of  the  axis  would  always  be  oppofite  to  the  fun  ; and  when  the  fun  was 
on  one  fide  of  any  hour-circle,  the  fhadow  of  the  axis  would  fall  upon  the 
oppofite  fide  of  the  fame  hour-circle. 

For  all  the  hour-circles  being  fecondaries  to  the  equator,  pafs  through  the  poles,  and  the 
celeftial  axis  is  in  the  plane  of  every  hour-circle.  And  the  fhadow  of  any  opake  body,  being 
oppofite  to  the  fun,  is  in  the  plane  with  the  fun.  Therefore  in  whatever  hour-circle  the  fun 
is,  the  fhadow  of  the  fuppofed  opake  axis  would  be  in  the  plane  of  that  circle  and  oppofite  to 
the  fun,  that  is,  while  the  fun  is  in  one  femicircle  of  any  hour-circle,  the  fhadow  of  the  axis 
would  fall  upon  the  oppofite  femicircle. 

I 

Cor.  Hence  as  the  fun  performs  its  apparent  courfe  from  eaft  to  weft,  the  fhadow  of 
the  fuppofed  axis  would  move  from  weft  to  eaft. 

Schoi..  The  gnomon  of  a fun-dial  reprefents  the  fuppofed  axis,  and  hence  its  fhadow 
is  a meafure  of  time. 

To  conftrutt  an  horizontal  Dial. 

In  every  fun-dial  the  gnomon,  when  fixed,  is  parallel  to  the  earth’s  axis.  Now  when  the 
fun  is  in  the  meridian  of  any  place,  the  12  o’clock  hour-circle  is  perpendicular  to  the  plane  of 
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the  horizon,  and  the  arc  from  the  pole  to  this  plane  is  equal  to  the  latitude  of  the  place  ; and 
the  one  o’clock  hour-circle  makes  an  angle  at  the  pole  with  it  of  150,  and  forms  the  liypothe- 
nufe  of  a right  angled  triangle  to  the  above  perpendicular,  and  the  bafe  is  the  arc  nrcafuring 
the  angle  between  12  and  1 o’clock  ; therefore  we  have,  by  Spherical  Trigonometry,  Rad  : 
Sin.  L : : tan.  150  : tan.  of  the  hour-angle  between  12  and  1 o’clock.  If  inftead  of  15,  we 
fubftitute  30,  45,  &c.  we  get  the  angles  between  12  and  2,  3,  &c.  o’clock  ; the  fame  may  be 
done  for  the  half  hours  or  other  divifions. 

Note.  The  rational  and  fenfiblc  horizons  are,  in  this  cafe,  fuppofed  coincident,  whicb> 
on  account  of  the  fun’s  great  diftance,  will  not  occafion  any  fenfible  error. 


To  conftrud  a vertical  Soutii-Dial. 


In  doing  this  we  muft  conceive  a plane  pairing  through  the  centre  of  the  earth  perpendicular 
both  to  the  horizon  and  meridian  •,  and  on  the  fouth  fide,  lines  muft  be  drawn  from  the 
centre  to  the  points  where  the  hour-circles  cut  that  plane.  In  finding  thefe  points,  we  fay, 
as  Rad  : co.  s.  Lat : : tan.  1 50  : tan.  of  the  hour-angle  between  1 2 and  1 o’clock.  For  the  arc 
of  the  meridian,  from  the  pole  to  the  plane,  is  equal  to  the  complement  of  latitude.  The 
other  hour-angles,  &c.  muft  be  obtained  in  the  fame  way  as  in  the  laft. 

On  the  fubjedt  of  Dialing,  fee  Fergufon’s  Leisures. 


PROP.  XXXIII.  The  orbit  in  which  the  earth  revolves  about  the  fun, 
is  elliptical. 

It  is  known  from  obfervation,  that  the  apparent  motion  of  the  fun,  that  is,  the  real  motion 
of  the  earth,  in  the  ecliptic,  is  not  uniform.  But  by  the  univerfal  law  of  bodies  revolving 
about  a centre,  if  its  orbit  w^ere  circular,  its  velocity  muft  be  uniform  ; fince  (Book  II.  Prop. 
LXXII.)  it  muft  deferibe  equal  areas  in  equal  times.  Whereas  if  its  orbit  be  an  ellipfe,  and 
the  fun  be  placed  in  one  of  the  foci , the  fame  law  will  require  (fee  Book  II.  Prop.  LXVIII.) 
that  its  velocity  fiiould  not  be  uniform,  but  that  in  palling  through  its  greateft  diftance  C,  to 
its  leaft  diftance  A,  it  fhould  be  accelerated,  and  in  palfing  from  the  leaft  diftance  A to  the 
greateft  C,  it  fiiould  be  retarded.  Since  then  the  motion  of  the  earth  is  in  fadf  thus  retarded 
and  accelerated  in  different  parts  of  its  orbit,  it  is  manifeff,  that  its  orbit  is  elliptical. 

Def.  XXXIX.  The  greateft  diftance  of  the  earth  or  any  other  planet 
from,  the  fun,  is  called  its  Aphelion  ; its  neareft  diftance,  its  Perihelion  ; 
the  longer  axis  of  the  ellipfe  is  called  the  Linea  Apfidum , the  aphelion  is 
alfo  called  the  Summa  Apfis , and  perihelion  the  Ima  Apfis. 

Dee.  XL.  The  Eccentricity  of  the  earth,  or  any  planet,  is  the  diftance 
between  the  fun  and  the  centre  of  the  elliptical  orbit. 

PROP.  XXXIV.  The  fun  is  eight  days  longer  in  performing  its 
apparent  courfe  through  the  £x  northern  figns,  than  through  the  fix 
fouthern  figns.  • ' Let 
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Let  A3CD  be  the  orbit  of  the  earth,  S the  fun,  and  EFGII  the  ecliptic.  While  the 
earth  moves  in  its  orbit  from  B through  C to  D,  the  fun  appears  to  move  in  the  ecliptic 
from  F through  G to  H,  palling  through  the  fix  northern  figns  •,  and  while  the  earth  pafles 
from  D through  A to  B,  the  fun  appears  to  move  from  H to  F,  through  the  fix  fouthern 
figns.  Now  the  line  HF  biledds  the  circle  EFGH,  but  divides  the  ellipfe  ABCD  unequally. 
And,  while  the  fun  appears  to  pafs  through  the  northern  figns,  the  earth  pafles  through  more 
than  half  of  its  orbit ; and  while  the  fun  appears  to  pafs  through  the  louthern  figns,  the  earth 
pafles  through  lefs  than  half  of  its  orbit.  Therefore,  if  the  velocity  of  the  motion  of  the 
earth  were  uniform,  the  fun  mull  appear  to  be  longer  in  palling  through  the  fix  northern  than 
the  fix  fouthern  figns.  But  whilft  the  earth  is  palling  through  the  greater  part  of  its  orbit 
BCD,  it  is  farther  from  the  fun,  and  confequently  moves  llotver  than  in  the  leffer  part  DAB. 
On  both  thefe  accounts,  the  fun’s  apparent  motion  is  flower  in  the  northern  figns  than  the 
fouthern  : the  difference  is  found  by  obfervation  to  be  about  eight  days. 
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PROP.  XXXV.  The  apparent  diameter  of  the  fun  is  greater  in 
winter  than  fummer. 


It  is  found  by  obfervation,  that  the  diameter  of  the  fun  in  winter  is  32  minutes,  47 
feconds  ; in  fummer,  31'.  40".  And  his  mean  apparent  diameter  is  32'.  12".  according  to 
Sir  I.  Newton,  in  his  theory  of  the  Moon. 

Cor.  Hence  it  appears,  that  the  earth,  at  the  winter  folllice,  or  Capricorn,  is  in  its 
perihelion. 

Schol.  1.  The  difference  between  fummer  and  winter  in  the  degrees  of  heat,  is  owing 
chiefly  to  the  different  heights  to  which  the  fun  rifes  above  the  horizon,  and  the  different 
lengths  of  the  days.  When  the  fun  rifes  higheft,  in  fummer,  its  rays  fall  lefs  obliquely, 
and  confequently,  more  of  them  fall  on  the  earth’s  furface  than  in  winter  ; and  when  the 
days  are  long,  and  the  nights  fbort,  the  earth  and  air  are  more  heated  in  the  day  than  they 
are  cooled  in  the  night,  and  the  reverfe. 

Schol.  2.  The  do£trine  of  the  Sphere  having  been  explained  in  the  preceding  propo- 
fitions,  fome  of  the  more  ufeful  Problems  to  be  performed  on  the  Terreflrial  and  Cckltial 
Globes  are  here  fubjoined. 

Problem  I.  To  find  the  latitude  of  any  place.  Bring  the  place  to  the  graduated  fide  of  the 
fixed  brats  meridian  the  degree  under  which  it  is  found,  is  its  latitude.  All  places  under 
the  fame  degree  are  in  the  fame  latitude.  Thus  the  latilude  of  London  is  510  •£  north,  that 
of  the  Cape  of  Good  Hope  340  fouth. 

Prob.  II.  To  find  the  longitude  of  any  place.  Bring  the  place  to  the  fixed  meridian  ; 
the  diltance  of  this  meridian  from  the  full  meridian,  meafured  on  the  equator,  is  the  longi- 
tude of  the  place.  '1  he  longitude  of  Bolton  in  New  England  is  70°  welt,  or  4 hours,  42 
minutes  in  time,  that  of  Rome  i2°$  call,  or  50  minutes  in  time. 

Prob.  III.  To  rcflify  either  globe  to  the  latitude  >f  any  place , the  zenith,  and  the  fun's  place. 
If  the  place  be  in  the  northern  hemifpherc,  raile  the  north  pole  above  the  horizon  ; but  if  the 
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place  be  in  the  fbuthern  hemifphere,  raife  the  fouth  pole.  Then  move  the  meridian  up  and 
down  in  the  notches,  till  the  degree  of  the  place’s  latitude, 'counted  upon  the  meridian,  below 
the  pole,  cuts  the  horizon  ; and  then  the  globe  is  adjufted  to  the  latitude  of  the  place. 

Having  elevated  the  globe  according  to  the  latitude  of  the  place,  count  the  fame  number  of 
degrees  upon  the  meridian,  from  the  equator  towards  the  elevated  pole,  and  that  point  will  be 
the  zenith  or  vertex  of  the  place.  To  this  point  of  the  meridian  fcrew  the  quadrant  of  altitude, 
fo  that  its  graduated  edge  may  be  joined  to  the  faid  point ; then  is  the  globe  re&ified  for  the 
zenith. 

Bring  the  fun’s  place  in  the  ecliptic  to  the  meridian,  and  fet  the  hour-index  to  12  at  noon  ; 
and  then  the  globe  will  be  redified  for  the  fun’s  place. 

Prob.  IV.  To  determine  the  difference  of  time  in  different  places.  Find  the  longitude  of  each 
place,  and  reduce  the  difference  into  time,  allowing  an  hour  for  every  15  degrees,  and  propor- 
tionally for  leffer  parts  ; the  difference  of  time  will  be  found  : if  the  place  lies  weftward  of 
another,  it  has  its  noon  later  than  that  other  •,  if  eaflward,  fooner.  The  longitude  of  Rome 
is  120  f eaft,  that  of  Conftantinople  290,  the  difference  is  170  f,  confequently  the  difference 
of  time  between  Rome  and  Conftantinople  is  1 hour  10  minutes. 

Prob.  V.  The  latitude  and  longitude  of  any  place  being  known,  to  find  the  place  on  the  globe* 
Bring  the  degree  of  the  equator  which  expreffes  the  given  longitude  to  the  fixed  meridian, 
then  find  the  given  latitude  on  the  meridian  ; under  this  point  is  the  place  fought. 

Prob.  VI.  To  find  the  difiance  between  any  two  places,  and  their  bearing , or  relative  fituatioii 
with  refpeB  to  the  points  of  the  compafs.  Redify  the  globe  to  the  latitude  of  one  of  the  places, 
and  bring  that  place  to  the  fixed  meridian  : Then  fix  the  quadrant  of  altitude  to  the 
uppermoft  point  of  the  meridian,  and  putting  its  lower  end  between  the  horizon  and  the 
globe,  Aide  it  along,  till  it  paffes  through  the  other  place  : The  number  of  degrees  on  the 
quadrant  between  the  two  places,  will  give  their  diftance,  allowing  Englifti  miles  for 
each  degree  ; and  the  number  of  degrees  upon  the  horizon  between  the  meridian  and  the 
quadrant,  will  give  the  bearing  of  the  fecond  place  with  refped  to  the  firft.  Thus  the 
bearing  of  the  Lizard  point  from  the  ifland  of  Bermudas  is  nearly  E.N.E. 

Prob.  VII.  To  find  the  right  afcenfion  and  declination  of  the  fun , or  any  far.  On  the 
eelcftial  globe  find  the  day  of  the  month  under  the  ecliptic,  againft  which  is  the  fun’s  place, 
or  find  his  place  by  an  ephemeris ; bring  that  point  under  the  meridian,  and  the  degree  which 
is  over  the  point  is  the  fun’s  declination,  and  the  degree  of  the  equator  then  under  the 
meridian  will  be  the  fun’s  right  afcenfion.  A ftar’s  declination  and  right  afcenfion  are 
found,  by  bringing  the  ftar  on  the  globe  to  the  meridian,  and  proceeding  as  with  refpeft  to 
the  fun.  The  fun’s  declination,  April  19,  is  n°.  14'.  north,  and  his  right  afcenfion  270. 
30'. — The  right  afcenfion  of  Sirius  is  990.  its  declination  160.  25'.  fouth. 

Prob.  VIII.  To  find  what  Jlars  pafs  Over,  or  near , the  zenith  of  any  place.  Having  found 
the  latitude  of  the  place  on  the  terreftrial  globe,  all  thofe  ftars  on  the  celeftial  globe,  which 
pafs  under  the  fame  degree  of  the  meridian  with  the  given  latitude,  become  vertical  at  that 
place. 

Prob.  IX.  To  find  what  Jlars  never  rife,  nor  never  fet, 
rectified  for  the  given  place,  thofe  ftars  which  do  not 
never  fet ; thofe  which  do  not  come  above  it,  never  rife. 


in  any  given  place.  The  globe 
pafs  under  the  wooden  horizon, 
r ' Prob. 
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Prob.  X.  To  reprefint  the  appearance  of  the  heavens  at  any  time.  Rectify  the  globe  to 
the  latitude  ; bring  the  fun’s  place  in  the  .ecliptic  to  the  meridian,  and  fet  the  horary  index 
to  the  upper  12th  hour ; then  turn  the  globe  till  the  index  points  to  the  given  hour.  The 
north  pole  of  the  globe  mull  be  fet  to  the  north  in  the  heavens,  then  will  all  the  liars  upon 
the  globe  correfpond  to  their  places  in  the  heavens,  fo  that  an  eye  at  the  centre  of  the  globe 
would  refer  every  liar  upon  its  furface  to  the  place  of  the  liars  in  the  heavens.  By  com- 
paring, therefore,  the  liars  in  the  heavens  with  their  places  on  the  globe,  a perfon  will  eafily 
get  acquainted  with  all  the  liars. 

Example.  The  fituation  of  the  liars  at  London  on  the  9th  of  February,  at;  nine  o’clock 
in  the  evening,  is  as  follows  : Sirius,  or  the  dog-ftar,  is  on  the  meridian,  its  altitude  220.  : 
Procyon,  the  little  dog-llar,  160.  towards  the  eall,  its  altitude  43.  : about  24°.  above  this 
lalt,  and  a little  more  towards  the  eall,  are  Callor  and  Pollux  : S.  65°  E.  and  350.  in  height, 
is  Regulus,  or  Cor  Leonis : exactly  in  the  eall.  and  22°.  high,  is  Deneb  in  the  Lion’s-tail  : 
30°.  from  the  eall  towards  the  north,  Ar£turus  is  about  30.  above  the  horizon  : diredliy  over 
Ar£lurus  and  310.  above  the  horizon,  is  Cor  Carol!  : in  the  north-eaft  are  the  liars  in  the 
extremity  of  the  Great  Bear’s-tail. 

Reckoning  well  ward,  we  fee  the  conllellation  Orion  ; the  middle  liar  of  the  three  in  his 
belt  is  S.  20°.  W.  its  altitude  350.  nine  degrees  below  the  belt,  and  a little  more  to  the  weft, 
is  Rigel,  the  bright  liar  in  his  heel  : above  his  belt,  in  a hraight  line  drawn  from  Rigel,  be- 
tween the  middle  and  mod  northward  in  his  belt,  and  90.  above  it,  is  the  bright  liar  in  his 
Ihoulder  : S.  490.  W.  and  45  °. A above  the  horizon  is  Aldebaran,  the  fouthern  eye  of  the 
Bull ; a little  to  the  welt  of  Aldebaran,  are  the  Hyades : the  fame  altitude,  and  about  S. 
7 o°.  W.  are  the  Pleiades  : in  the  W.  by  S.  is  Capella  in  Auriga,  its  altitude  730.  in  the 
north-well,  and  420.  high,  is  the  conllellation  Calfiopeia : and  almoll  in  the  north,  near 
the  horizon  is  the  conllellation  Cvgnus. 

Prob.  XI.  The  latitude  of  a place  being  given,  to  find  the  time  of  the  fun's  rifing  and  fitting , 
on  any  given  day , at  that  place.  Having  rectified  the  globe  according  to  the  latitude,  bring 
the  fun’s  place  in  the  ecliptic  to  the  graduated  edge  of  the  meridian,  and  fet  the  horary  index 
to  the  upper  12.  Then  turn  the  globe  to  bring  the  fun’s  place  to  the  eallern  part  of  the 
horizon,  the  index  wall  point  to  the  hour  at  which  the  fun  rifes  ; on  the  wellern  fide,  to  the 
time  of  its  fetting.  On  the  <jth  of  June,  the  fun  rifes  at  3 h.  40  min.  and  fets  at  8 h.  20  min. 
The  length  of  the  day  is  i6h.  40  min.  that  of  the  night  7 h.  20  min. 

Prob.  XII.  To  find  all  the  places  on  the  globe  to  luhich  the  fun  •will  be  vertical  on  a given 
day.  Bring  the  fun’s  place  to  the  fixed  meridian,  and  obferve  the  point  of  the  fun’s  decli- 
nation •,  all  the  places  which,  in  turning  the  globe  round,  pafs  under  that  point,  have  the 
fun  vertical  on  the  given  day. 

When  the  fun’s  declination  is  equal  to  the  latitude  of  any  place,  then  the  fun  will  be 
vertical  to  the  inhabitants  of  that  place. 

Prob.  XIII.  To  find  the  fun's  amplitude.  The  globe  being  redlified  for  the  latitude  of 
the  place,  bring  the  fun’s  place  to  the  eallern  fide  of  the  horizon  ; the  arc  of  the  horizon 
intercepted  between  that  point  and  the  eallern  point,  is  the  fun’s  amplitude  at  rifing.  Thus 
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on  the  24th  of  May,  the  fun’s  amplitude  at  rifing  is  36°.  eaft,  and  he  fets  with  36°.  weftern 
amplitude. — The  amplitude  increafes  with  the  latitude  of  the  place. 

Pros.  XIV.  To  find  the  fun's  meridian  altitude.  The  globe  being  rectified  for  the  lati- 
tude, zenith,  and  fun’s  place,  the  number  of  degrees  contained  between  the  fun’s  place  and 
the  zenith,  is  the  diftance  of  the  fun  from  the  vertex  at  noon  ; the  complement  of  which 
to  90  degrees,  is  the  fun’s  altitude.  The  meridian  altitude  of  the  fun  on  the  17th  of  May, 
at  London,  is  57°.  55'. — The  altitude  being  given,  bring  the  quadrant  of  altitude  to  meet 
the  fun’s  place,  and  the  interfeiTion  of  the  quadrant  and  horizon  will  fhew  the  azimuth. 
Thus,  on  the  21ft  of  Auguft,  at  London,  when  the  fun’s  altitude  is  36°.  in  the  forenoon, 
the  azimuth  is  6o°.  from  the  fouth. 

Prob.  XV.  To  find  the  place  of  any  heavenly  body  upon  the  globes  its  longitude  and  latitude 
being  given.  Place  the  firft  degree  of  the  quadrant  of  altitude,  upon  that  degree  of  the 
ecliptic  which  exprefies  the  given  longitude,  and  the  90th  degree  on  the  pole  of  the 
ecliptic  ; the  point  of  the  globe  which  is  under  that  degree  of  the  quadrant  which  exprefies 
the  given  latitude,  is  the  place  of  the  body  : For  the  quadrant  reprefents  a fecondary  of  the 
ecliptic,  an  arc  of  which  between  the  body  and  the  ecliptic  is  its  latitude,  and  the  arc  of 
the  ecliptic  between  the  fecondary  and  the  firft  degree  of  Aries  its  longitude. 

Prob.  XVI.  To  fijid  the  place  of  any  heavenly  body  upon  the  globe , its  right  afcenfion  and 
declination  being  given.  Bring  that  point  of  the  equator  which  exprefies  the  given  right 
afcenfion  to  the  meridian ; the  place  fought  is  under  that  degree  in  the  meridian,  north  or 
fouth,  which  exprefies  the  given  declination. 

Prob.  XVII.  To  find  all  thofe  places  where  it  is  noon,  at  any  given  hour  of  the  day,  at  any 
given  place.  Bring  the  given  place  to  the  brafs  meridian,  and  fet  the  index  to  the  uppermoft 
125  then  turn  the  globe  till  the  index  points  to  the  given  hour,  and  it  will  be  noon  to  all 
the  places  under  the  meridian.  When  it  is  4I1.  50mm.  in  the  afternoon  at  Paris,  it  is 
noon  at  New  Britain,  St.  Domingo,  Terra  Firma,  Peru,  Chili,  and  Terra  del  Fuego.  As 
the  diurnal  motion  of  the  earth  is  from  1 vefi  to  eafi,  it  is  plain  that  all  places  which  are  to 
the  eaft  of  any  meridian,  mult  necefiarily  pafs  by  the  fun  before  a meridian  which  is  to  the 
weft  can  arrive  at  it. 

Prob.  XVIII.  The  hour  being  given  at  any  place,  to  tell  what  hour  it  is  in  any  other  part 
of  the  world.  Bring  tire  place  where  the  time  is  given,  under  the  meridian  ; fet  the  hour 
index  to  the  given  time,  and  turn  the  globe  till  the  other  place  comes  under  the  meridian, 
and  the  horary  index  will  point  to  the  hour  required.  Thus,  when  it  is  nine  in  the 
morning  at  London,  it  is  half  pall  four  in  the  afternoon  at  Canton,  in  China  ; when  it  is 
three  in  the  afternoon  at  London,  it  is  18  minutes  pafs  ten  in  the  forenoon  at  Bofton,  in 
America. 

Prob.  XIX.  To  find  the  antceci , the  perioeci,  and  the  antipodes,  of  any  place.  Bring  the 
given  place  to  the  meridian,  then,  in  the  oppofite  hemifphere,  and  in  the  fame  degree  of 
latitude  with  the  given  place  will  be  the  antceci.  The  given  place  remaining  under  the 
meridian,  fet  the  index  to  12,  and  turn  the  globe  till  the  other  12  is  under  the  index  ; then 
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the  periceci  will  be  under  the  fame  degree  of  latitude  with  the  given  place,  and  the  antipodes 
of  the  given  place  will  now  be  under  the  fame  point  of  the  brafen  meridian  where  the 
antoeci  Hood  before. 

Pros.  XX.  ‘To  find  the  two  days  on  which  the  fun  is  in  the  zenith  of  any  given  place  between 
the  tropics.  That  parallel  of  declination  which  pafies  through  the  given  place,  will  cut  the 
ecliptic  line  upon  the  globe  in  two  points,  which  denote  the  fun’s  place  ; againll  which,  on 
the  horizon,  will  be  found  the  days  required.  The  fun  is  vertical  at  Barbadoes,  April  24, 
and  Augull  18. 

» 

Prob.  XXL  The  time  and  place  being  given , to  find  all  thofe  places  where  the  fun  is  rifing, 
letting,  culminating ; and  alfo  where  it  is  day-light,  twilight,  or  dark-night.  Find  the  place 
where  the  fun  is  vertical  at  the  given  hour,  redlify  for  the  latitude  of  that  place,  and  bring 
it  to  the  meridian.  Then  all  the  places  that  are  in  the  wefl  femicircle  of  the  horizon,  have 
the  fun  ri/ing ; thofe  in  the  eafl  femicircle,  have  it  jetting  ; thofe  under  the  meridian  above 
the  horizon,  have  it  culminating;  and  all  places  above  the  horizon,  have  the  fun  fo  many 
degrees  above  the  horizon  as  the  places  themfelves  are.  Thofe  places  that  are  below  the 
horizon,  but  within  180.  of  it,  have  twilight;  thofe  lower  than  180.  have  dark-night;  and 
to  thofe  under  the  meridian,  it  is  midnight, 

Prob.  XXII.  To  find  the  place  of  the  moon , or  any  planet,  for  any  given  time.  Take  the 
nautical  almanac,  or  White’s  Ephemeris,  and  againll  the  given  day  of  the  month,  will  be 
found  the  degree  and  minute  of  the  lign  which  the  moon  or  planet  poflefles  at  noon.  The 
degree  thus  found,  and  marked  in  the  ecliptic  on  the  globe,  you  may  proceed  to  find  the 
declination,  right  afcenlion,  latitude,  longitude,  altitude,  amplitude,  azimuth,  riling, 
fetting,  See. 

Prob.  XXIII.  To  find  the  planets  which  are  above  the  horizon  at  fun-fit,  upon  any  given 
day  and  latitude.  Find  the  fun’s  place  for  the  given  day,  bring  it  to  the  meridian,  fet  the 
index  hour  to  12,  and  elevate  the  pole  for  the  given  latitude,  then  bring  the  fun’s  place  to 
the  weltern  femicircle  of  the  horizon,  and  obferve  what  figns  are  in  that  part  of  the  ecliptic 
above  the  horizon,  then  look  to  the  ephemeris  for  the  day,  and  it  will  be  feen  what  planets 
are  in  thofe  figns,  for  fuch  will  be  vifible  on  the  evening  of  that  day. 

Prob.  XXIV.  To  find  whether  Venus  be  a morning  or  an  evening  filar.  Re£lify  the  globe 
for  the  latitude  and  fun’s  place;  find  the  fituation  of  Venus  by  an  ephemeris,  and  flick 
there  a fmall  black  patch  ; bring  the  fun’s  place  to  the  edge  of  the  eaftern  horizon.  If 
Venus  be  in  antecedentia,  that  is,  for  inllance,  in  Taurus  when  the  fun  is  in  Gemini,  (lie 
will  be  a morning  Har. 

But,  if  Venus  be  in  confequentia , that  is,  for  example,  in  Gemini  when  the  fun  is  in 
Taurus,  (lie  will  fet  after  the  fun,  and  be  an  evening  flar. 

Prob.  XXV.  To  find  all  the  places  to  which  a lunar  eclipfe  will  be  vifible  at  any  infant. 
Find  the  place  to  which  the  fun  is  vertical  at  the  given  time,  and  bring  that  place  to  the 
zenith,  and  the  eclipfe  will  be  vifible  to  all  the  hemifphere  below  the  horizon,  becaufe  the 
moon  is  oppofite  to  the  fun. 


ScilOL. 


OF  ASTRONOMY. 


Book  VII.  Part  I. 


Schol.  i.  Since  lunar  eclipfes  continue,  in  general,  for  a confnlerable  time  together, 
they  may  be  feen  in  more  places  than  in  one  hemifphere  of  the  earth  ; for,  by  the  earth’s 
rotation  about  its  axis,  during  the  time  of  the  eclipfe,  the  moon  will  rife  to  feveral  places 
after  its  commencement. 

Schol.  2.  We  cannot  by  a globe  only,  determine  the  places  to  which  a folar  eclipfe  is 
vifible,  becaufe  that  eclipfe  does  not  happen  to  the  whole  hemifphere  next  the  fun,  nor 
does  it  happen  at  the  fame  time  to  thofe  places  where  it  is  vifible.  Calculations  are 
therefore  neceflary. 


SECT.  III. — Of  Twilight. 

PROP.  XXXVI.  The  atmofphere  above  the  horizon  is  enlightened 
by  the  rays  of  the  fun,  when  the  fun  itfelf  is  below  the  horizon. 

Let  ADLbe  the  furface  of  the  earth  ; CBM,  the  furface  pf  the  atmofphere;  A,  anyplace 
npon  the  earth  ; PABN,  the  fenfible  horizon.  When  the  fun  is  at  G,  any  point  below  the 
horizon,  it  cannot  be  direCtly  feen  by  a fpeCtator  at  A.  But,  becaufe  rays  from  the  fun  at  G 
can  pafs  to  the  part  of  the  atmofphere  above  the  fenfible  horizon  of  the  place  A,  this  part  of 
the  atmofphere  will  be  illuminated  before  the  fun  riles,  or  after  it  fets,  and  will  become 
vifible  by  reflection  to  the  fpeCtator  at  A ; that  is,  twilight  will  be  produced. 

Cor.  The  atmofphere  is  the  caufe  of  the  apparent  elevation  of  the  heavenly  bodies  above 
their  true  places, 

PROP.  XXXVII.  When  the  evening  twilight  ends,  or  the  morning 
twilight  begins,  a ray  of  the  fun  reflected  from  the  higheft  part  of  the 
atmofphere  defcribes,  after  reflection,  a line  which  is  the  plane  of  the 
fenfible  horizon. 

As  the  fun  is  depreifed,  the  extreme  ray  of  light  from  the  fun  gradually  recedes  from 
C towards  B,  till  at  lad  it  touches  the  horizon  at  B,  from  whence  it  is  reflected  in  the 
direction  BA,  the  plane  of  the  horizon. 

PROP.  XXXVIII.  When  the  evening  twilight  ends,  or  the  morning 
twilight  begins,  a line  drawn  from  the  fun  to  the  top  of  the  atmofphere 
is  a tangent  to  the  furface  of  the  earth. 

From  E,  the  common  centre  of  the  earth  and  atmofphere,  draw  a ftraight  line  to  B,  the 
point  in  the  top  of  the  atmofphere,  from  which  (by  lafl  Prop.)  the  fun’s  ray  is  reflected  to  A 
when  the  evening  twilight  ends,  or  the  morning  twilight  begins.  Becaufe  this  line  EB  is 
perpendicular  to  the  reflecting  furface  of  the  atmofphere,  ABE  is  the  angle  of  reflection. 
And  AB,  the  reflected  ray,  being  in  the  plane  of  the  fenfible  horizon,  defcribes  a tangent 
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to  the  furface  of  the  earth.  At  the  fame  time,  the  fun  mud  be  at  fome  point  S,  fuch  that 
the  incident  ray  SB  {hall  make  the  angle  of  incidence  SBE,  equal  to  ABE  the  angle  of 
refledtiou.  Draw  AE  ; and  from  E,  the  centre  to  the  incident  ray  SB,  draw  ED,  making 
the  angle  DEB  equal  to  the  angle  AEB.  Hence  (El.  I.  26.)  the  fide  ED  is  equal  to  the 
fide  AE,  that  is,  ED,  is  a femidiameter  of  the  earth  ; alfo,  the  angle  EDB  is  equal  to  the 
angle  EAB,  or  is  a right  angle  : whence  (El.  III.  16.  Cor.)  SB  is  a tangent  to  the  circle  ; 
that  is,  when  the  refledted  ray  defcribes  a line  in  the  plane  of  the  fenfible  horizon,  the  line 
defcribed  by  the  incident  ray  falling  upon  the  top  of  the  atmofphere,  is  a tangent  to  the 
furface  of  the  earth. 

PROP.  XXXIX.  If  the  time  of  the  beginning  of  the  morning,  or  end 
of  the  evening  twilight  is  known,  the  height  of  the  atmofphere  may  be 
determined. 

It  is  found,  that  at  the  beginning  of  the  morning,  of  the  end  of  the  evening  twilight, 
the  fun  is  18  degrees  below  the  horizon.  If,  therefore,  S is  the  place  of  the  fun  at  that 
time,  and  ABN  the  horizon,  the  angle  SBN  is  180.  But  at  that  time  (by  Prop.  XXXVIII.) 
if  B is  the  top  of  the  atmofphere,  the  incident  ray  SB,  and  the  refledted  ray  BA,  touch 
the  earth  at  D and  A.  And,  becaufe  (El.  III.  18.)  in  the  quadrilateral  figure  ABDE, 
the  angles  ABD,  AED,  are  together  equal  to  the  two  right  angles,  or  ABD  is  the  fupple- 
ment  to  two  right  angles  of  AED,  and  that  ABD  is  alfo  (El.  I.  13.)  the  fupplement  to 
two  right  angles  of  SBN,  AED,  the  angle  contained  by  the  femi-diameters  AE,  DE,  is 
equal  to  SBN,  the  angle  of  the  fun’s  depreflion  : whence  AED,  at  the  time  fuppofed,  is  an 
angle  of  1 8°.  But  on  account  of  the  refradtion  of  the  fun’s  rays  in  coming  into  the 
atmofphere,  his  apparent  place  is,  at  the  fuppofed  time,  30'  higher  than  its  true  place. 
Allowance  mult  therefore  be  made  for  this  refradtion  in  meafuring  the  angle  SBN,  made  by 
SB  the  line  of  diredtion  in  which  the  fun’s  ray  appears  to  come,  and  BN  a line  in  the  plane 
of  the  fenfible  horizon.  Confequently,  the  angle  SBN,  and  its  equal  AED,  is  only  170.  30'. 
and  its  half  AEB  is  8°.  45'. 

Now,  in  the  triangle  AEB,  HB,  the  height  of  the  atmofphere,  is  the  difference  between 
HE  the  radius,  and  BE  the  fecant.  Therefore  as  HE  is  to  HB,  the  difference  between  the 
radius  and  fecant  of  an  angle  of  8°.  45'.  fo  is  the  number  of  miles  in  HE,  a femi-diameter 
of  the  earth,  to  the  number  of  miles  in  HB,  the  height  of  the  atmofphere.  That  is,  as 
(Radius)  10.0000  : (Sec.)  8°.  45'.  : : 3970  (Sem.  Dia.  of  the  earth)  : EB  j or  by  log. 
ic.ooooo  : 10.00508  : : 3.59879  : 3.60388^:4016  miles  $ confequently  BH^:40i6 — 
3970^46  miles. 

Schol.  1.  The  atmofphere  refradts  the  fun’s  rays  in  fuch  a manner,  as  to  bring  him 
into  fight,  every  clear  day,  before  he  rifes  in  the  horizon,  and  to  keep  him  in  view  for 
fome  minutes,  after  he  is  really  fet  below  it.  The  effedl  of  this  refraction  is  about  fix 
minutes  every  day  at  a mean  rate. 

From  the  fame  caufe,  the  heavenly  bodies  appear  higher  than  they  really  are,  fo  that  to 
bring  the  apparent  altitudes  to  the  true  ones,  the  quantity  of  refradtion  mult  be  fubtradted. 
The  higher  they  rife  the  lefs  are  the  rays  refradted,  and  when  the  heavenly  bodies  are  in  the 
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zenith,  they  fuffer  no  refra&ion,  according  to  the  principles  of  Optics  already  demonftratcd. 
Tables  of  refra£lions  have  been  calculated  by  various  altronomers,  as  Sir  I.  Newton,  Mr. 
Thomas  Simpfon,  Dr.  Bradley,  Mr.  Mayer,  &c  The  following  fpecimen  is  taken  from 
Dr.  Bradley’s  table,  which  is  efteemed  the  molt  corre£t,  and  chiefly  ufed  by  altronomers. 
For  the  method  of  calculating  thefe  tables,  fee  Mr.  Simpfon’s  Differt.  p.  46,  4to.  Gregory’s 
A (Iron.  Vol.  I.  Pr.  66.  and  Vince’s  Aftron.  Vol.  I.  4to.  ch.  7. 
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Schol.  2.  Dr  Keill,  in  his  Lectures  on  Aftronomy,  obferves,  that  it  is  entirely  owing  to 
the  atmofphere  that  the  heavens  appear  bright  in  the  day  time.  For  without  it,  only  that 
part  of  the  heavens  would  be  luminous  in  which  the  fun  is  placed  : and  if  we  could  live 
without  air,  and  fhould  turn  our  backs  to  the  fun,  the  whole  heavens  would  appear  as  dark  as 
in  the  night.  In  this  cafe  alfo  we  fhould  have  no  twilight,  but  a fudden  tranfition  from  the 
brightefl  fun-fhine  to  dark  night  immediately  upon  the  fetting  of  the  fun,  which  would  be 
extremely  inconvenient,  if  not  fatal  to  the  eyes  of  mortals.  See  Keill’s  Aftron.  Left.  xx. 

PROP.  XL.  The  twilight  is  longed:  in  a parallel  fphere,  and  fhorteft 
in  a right  fphere : and  in  an  oblique  fphere,  the  nearer  the  fphere  ap- 
proaches to  parallel,  the  longer  is  the  twilight. 

In  a parallel  fphere,  the  twilight  will  continue  till  the  fun’s  declination  toward  the  d^preff- 
ed  pole  is  180.  but  in  this  fphere  his  declination  is  never  more  than  23  ] degrees;  whence  the 
twilight  will  only  ceafe,  whilft  the  fun’s  declination  is  increafing  from  180.  to  234  degrees, 
and  decreafing  again  till  in  its  decreafe  it  becomes  1 8°.  The  twilight  is  here  caufed  by  the 
annual  motion  of  the  earth.  In  a right  fphere,  the  fun  appears  to  be  carried,  by  the  daily 
motion  of  the  earth,  in  circles  perpendicular  to  the  horizon  ; whence  it  is  carried  dircdfly 
downwards  by  the  whole  daily  motion,  arid  will  arrive  at  1 8°.  below  the  horizon,  the  fooneft 
poflible  : whereas,  in  an  oblique  fphere,  its  path  is  oblique  to  the  plane  of  the  horizon,  and 
therefore  will  be  longer  before  it  is  defeended  18  degrees  below  the  horizon  : and  the  differ- 
ence of  the  time  of  twilight  will  increafe  with  the  degree  of  obliquity.  As  the  fun  fets  more 
obliquely  at  fome  parts  of  the  year  than  others,  the  twilight  varies  in  its  duration. 
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SECT.  IV. — Of  the  Equation  of  Time. 

PROP.  XLI.  The  time  in  which  the  fun  completes  one  apparent  diurnal 
revolution,  is  greater  than  that  in  which  the  earth  revolves  round  its  axis. 

If  the  earth  turns  round  its  centre  T in  the  direction  RCB,  and  at  the  beginning  of  one 
revolution  the  fun  was  feen  at  Z,  in  the  meridian  ; from  its  apparent  annual  motion  it  will, 
after  the  diurnal  revolution  of  the  earth  is  completed,  be  feen  advanced  in  its  orbit  towards 
E.  The  earth,  therefore,  mud  perform  more  than  one  revolution,  and  the  fpeclator  at  R, 
after  returning  to  the  flation  from  which  he  fet  out,  mull  advance  forwards  to  e}  before  the 
fun  will  be  again  in  the  meridian. 

PROP.  XLII.  The  obliquity  of  the  ecliptic  to  the  equator  would 
caufe  the  daily  increments  of  the  fun’s  right  afcenfion  to  be  unequal, 
although  the  fun’s  motion  in  the  ecliptic  were  uniform. 

Let  E be  the  firfl:  degree  of  Aries,  EQ^an  arc  of  90°.  of  the  equator,  EC  the  fame  of  the 
ecliptic,  and  CQ^an  arc  of  the  folftitial  colure,  between  Cancer  and  the  equator.  At  E the 
fun  has  neither  longitude  nor  right  afcenfion  : thefe  may  therefore  be  confidered  as  equal, 
when  the  fun  fets  out  from  Aries.  At  C,  the  longitude  is  equal  to  the  right  afcenfion  ; for 
both  EC  and  EQ^are  by  fuppofition  90  degrees  of  great  circles  of  the  fame  fphere.  But  if 
the  fun  be  any  where  between  the  firfl  of  Aries  and  the  firfl  of  Cancer,  as  at  S,  the  longitude 
will  be  greater  than  the  right  afcenfion  ER.  For  SR  being  an  arc  to  the  fecondary  of  the 
equator  pafiing  through  the  fun,  ES  is  the  longitude,  and  ER  the  right  afcenfion  : but  ES  is 
greater  than  ER,  becaufe  the  angle  at  R is  a right  angle,  but  the  angle  at  S an  acute  angle. 
Now,  if  the  fun  be  fuppofed  to  move  uniformly  in  the  ecliptic,  or  to  deferibe  equal  arcs  in 
equal  times,  the  daily  increments  of  longitude  will  be  equal  to  one  another  ; and  confequently, 
fince  at  the  two  extremes  E and  C the  longitude  and  right  afcenfion  are  equal,  and  the  longi- 
tude is  fuppofed  to  increafe  uniformly,  if  the  right  afcenfion  alfo  increafed  uniformly,  they 
would  at  all  times  be  equal.  But  at  S,  R,  or  any  other  points  in  the  fame  fecondary,  between 
the  firfl  of  Aries  and  Cancer,  the  longitude  is  greater  than  the  right  afcenfion  ; the  daily  in- 
crements of  right  afcenfion  are  therefore  unequal. 

rihe  longitude  and  right  afcenfion  are  equal  when  the  fun  is  at  C and  at  E,  the  former 
being  90°.  the  latter  1B00.  from  Aries  both  on  the  ecliptic  and  equator.  But  between  C and 
E,  the  longitude  is  lefs  than  the  right  afcenfion  •,  becaufe  ES,  oppofite  to  the  right  angle  R, 
is  greater  than  ER  oppofite  to  the  acute  angle  S,  and  confequently  the  point  S is  nearer 
Aries  than  the  point  R.  But,  the  fun  being  fuppofed  to  move  uniformly,  or  to  increafe  its 
longitude  equally  every  day,  if  the  right  afcenfion  alfo  increafed  equally  every  day,  fince  the 
longitude  and  right  afcenfion  are  equal  at  C and  E,  they  would  be  always  equal.  But  at  S, 
or  any  where  between  Cancer  and  Libra,  the  longitude  is  lefs  than  the  right  afcenfion  : con- 
fequently, the  daily  increments  of  right  afcenfion  are  not  equal.  In  like  manner  it  may  be 
(hewn,  that  in  the  third  quarter  the  fun’s  longitude  is  greater  than  its  right  afcenfion,  and 
in  the  fourth,  lefs. 
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PROP.  XLIII.  If  the  plane  of  the  ecliptic  coincided  with  that  of 
the  equator,  the  daily  increments  of  the  fun’s  right  afcenfion  would 
neverthelefs  be  unequal. 

Becaufe  (by  Prop,  XXXI V.)  die  apparent  annual  motion  of  the  fun  Is  not  uniform,  it- 
W'ould  in  fome  days  defcribe  a linger  arc  than  in  others  : that  is,  fince  its  right  afcenfion  and 
longitude  would  in  this  cafe  be  the  fame,  the  daily  increments  of  its  right  afcenfion  would' 
be  unequal. 

Def.  XLI.  A Natural  Day  is  the  time  the  fun  takes  in  paffing. 
from  the  meridian  of  any  place,  till  it  comes  round  to  the  fame  meridian 
again. 

PROP.  XLIV.  Any  place  upon  the  earth’s  furface  defcribes  more' 
than  a circle  round  the  earth’s  axis  in  a natural  day  : and  the  arc  which 
it  defcribes  more  than  a circle  in  any  day,  is  the  fun’s  increment  of  right 
afcenfion  for  that  day. 

While  the  earth  revolves  round  its  axis,  airy  place  upon  the  earth’s  furface  defcribes  a cir- 
cle : but  (by  Prop.  XLIII.)  while  the  fun  completes' its  apparent  diurnal  revolution,  any  place 
on  the  earth’s  furface  will  move  through  one  circle  and  an  arc  of  a fecond  j therefore  any 
fuch  place  defcribes  more  than  a circle  (Def.  XLI.)  in  a natural  day. 

And  fince  both  a meridian,  and  a fecondary  of  the  equator,  palling  through  the  poles,  are 
perpendicular  to  the  equator,  (Def.  VI.  and  X.)  if  the  fun  at  S be  in  SR  the  meridian  of  any 
given  place,  it  is  alfo  in  a fecondary  of  the  equator  palling  through  that  place.  In  like  man- 
ner, if  the  fun  be  at  L,  and  TV  be  after  a natural  day  the  fituation  of  the  meridian  of  the 
given  place,  the  fun  will  be  in  TV,  which  will  be  both  the  meridian  of  the  place,  and  a fec- 
ondary of  the  equator.  Whence,  RV  being  part  of  the  equator,  fince  ER  was  the  fun’s  right 
afcenfion  when  it  was  at  S,  and  EV  is  its  right  afcenfion  when  it  is  arrived  at  T,  RV  muft 
be  the  increment  of  the  fun’s  right  afcenfion  for  the  natural  day  in  which  it  is  advanced  from 
S to  T.  And,  becaufe  SR,  TV,  are  both  perpendicular  to  the  equator,  and  any  place,  in  one 
diurnal  revolution  of  the  earth  defcribes  a circle  parallel  to  the  equator,  RV  taken  in  this  cir-* 
cle  will  always  be  the  fame  arc  with  RV  in  the  equator,  and  therefore  wall  be  equal  to  th& 
fun’s  daily  increment  of  right  afcenfion. 

PROP.  XLV.  The  natural  days  are  not  equal  to  one  another. 

For  any  natural  day  is  the  time  in  w'hich  the  earth  performs  one  revolution  round  its  axis, 
and  fuch  a portion  of  a fecond  as  is  equal  to  the  fun’s  increment  of  right  afcenfion  for  that 
day  j but  the  fun’s  daily  increments  of  right  afcenfion  are  unequal ; (by  Prop.  XLII.  and 
XLIII.)  therefore  the  additional  portion  of  the  fecond  revolution  will  fometimes  be  greater 
and  fometimes  lefs,  and  confequently  the  times  in  which  the  natural  days  are  completed  will 
be  unequal. 
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Cor.  Hence  arifes  the  difference  between  a fun-dial  and  a clock,  as  meafures  of  time  : the 
former  meafuring  the  length  of  the  natural  day,  the  latter  dividing  time  into  equal  portions, 
of  12  hours  each,  the  clock  will  be  before  the  dial,  when  the  natural  day  is  more  than  24 
hours,  (the  mean  length  of  the  natural  day)  and  after  it,  when  the  natural  day  is  lefs  than  24 
hours ; and  they  will  be  together,  only  when  the  natural  day  is  exadtly  24  hours. 

Def.  XLII.  The  Equation , is  the  difference  between  the  mean  length 
of  the  natural  day  (or  24  hours)  and  the  length  of  any  fingle  day  meafur- 
ed  by  the  fun’s  motion,  or  between  mean  time  and  apparent  time. 

Cor.  The  hour  of  the  day  by  apparent  time  being  known,  in  order  to  determine  what 
is  then  the  true  mean  time,  the  equation  is  to  be  added  to  the  apparent  time,  when  the  day 
by  the  clock  is  fhorter  than  the  day  by  the  fun-dial,  that  is,  when  mean  time  precedes 
apparent  time  •,  and  the  equation  is  to  be  fubtra&ed  from  the  apparent  time  when  the  day  by 
the  clock  is  longer  than  the  day  by  the  fun-dial,  that  is,  when  mean  time  follows  apparent 
time.  If,  for  example,  the  natural  day  is  24  hours,  1 minute,  the  day  by  the  clock  being  24 
hours  in  length,  it  will  be  12  by  the  clock,  one  minute  before  it  is  12  by  the  dial,  or  mean 
time  precedes  apparent  time  one  minute;  therefore  it  will  be  1 minute  pall  12  by  the  clock, 
when  it  is  exa£lly  12  by  the  fun  ; whence  one  minute,  which  is  the  equation,  mull  be  added 
to  the  apparent  time,  to  give  the  true  mean  time,  that  is,  the  clock  muff;  be  fet  at  r min- 
ute pad  12.  The  reverfe  of  this,  when  mean  time  follows  apparent  time,  or  the  day  by  the 
clock  is  longer  than  the  day  by  the  fun,  is  obvious. 

PROP.  XLVI.  If  the  fun  were  to  move  uniformly  round  the  equator 
in  the  fame  time  in  which  it  appears  to  defcribe  the  ecliptic,  its  apparent 
daily  motion  would  be  a meafure  of  mean  time. 

For  the  natural  days  in  that  cafe  being  liable  to  no  variation,  either  from  the  declivity  of 
the  fun’s  orbit,  or  the  irregularity  of  its  motion,  mud  be  equal. 

PROP.  XLVII.  The  portion  of  time  which  paffes  between  the  arrival 
of  the  fun  in  the  ecliptic  to  the  meridian  of  any  place,  and  its  fuppofed  ar- 
rival at  the  fame  meridian,  if  it  were  to  move  uniformly  in  the  equator,  is 
the  equation. 

For  (by  the  lad  Prop.)  it  would  be  noon  by  mean  time  at  any  place,  when  the  fun,  if  it 
moved  uniformly  in  the  equator,  was  arrived  at  the  meridian  of  that  place  ; and  it  is  noon  at 
the  fame  place  by  apparent  time,  when  the  fun  in  the  ecliptic  arrives  at  the  fame  meridian : 
therefore  the  difference  between  tliefe  two  arrivals,  is  the  difference  between  mean  time  and 
apparent  time,  or  the  equation. 
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PROP.  XLVIII.  In  the  time  which  paffes  between  the  arrival  of  the 
fun  in  the  ecliptic  to  the  meridian  of  any  place,  and  its  fuppofed  arrival  at 
the  fame  meridian,  if  it  were  to  move  uniformly  in  the  equator,  an  arc  of 
the  equator  paffes  under  the  meridian,  which  is  equal  to  the  difference  be- 
tween the  light  afcenfion  of  the  fun,  as  it  moves  in  the  ecliptic,  and  the 
right  afcenfion  which  the  fun  would  have,  if  it  moved  uniformly  in  the 
equator. 

Let  the  fun  be  at  S ; and  let  EC  be  the  ecliptic,  EQ_  the  equator,  and  E the  firlt  of 
Aries  : then  if  a fecondary  of  the  equator  paffes  through  the  fun,  SR,  being  at  right  angles 
to  EQ^_,  is  an  arc  of  that  fecondary,  and  (by  Def.  XXXII.)  ER  is  the  fun’s  right  afcenfion, 
and  the  point  R is  the  point  in  which  the  right  afcenfion  ends  •,  which  being  in  the  fecondary 
of  which  SR  is  a part,  that  is,  the  fecondary  paffing  through  the  fun,  arrives  at  the  meridian 
at  the  fame  time  with  the  fun.  If  the  fun  were  to  move  uniformly  in  the  equator,  and  were 
arrived  at  P,  EP  would  be  its  right  afcenfion,  and  confequently  P would  be  the  point  in  which 
its  right  afcenfion  would  end,  which  point  P mull  arrive  at  the  meridian  at  the  fame  time 
with  the  fun,  becaufe  the  fun  is  fuppofed  to  be  in  that  point.  Therefore  RP,  the  diftance  of 
the  two  points  R and  P,  is  an  arc  of  the  equator,  (paffing  under  the  meridian  in  the  time 
fpecified  in  the  Propofition)  which  is  equal  to  the  difference  between  the  real  and  fuppofed 
right  afeenfions  of  the  fun,  when  he  arrives  at  the  meridian  by  his  real  motion  in  the  ecliptic, 
and  when  he  arrives  at  the  fame  meridian  by  an  uniform  motion  in  the  equator. 

PROP.  XLIX.  The  right  afcenfion  of  the  fun,  if  it  were  to  move  uni- 
formly in  the  equator,  would  at  any  time  be  equal  to  the  longitude  which 
it  would  have  at  that  time  if  it  were  to  move  uniformly  in  the  ecliptic,  or 
to  its  mean  longitude. 

For,  on  this  fuppofition,  the  fun,  deferibing  the  equator  with  an  uniform  velocity  in  the 
fame  time  in  which  it  aftually  deferibes  the  ecliptic,  its  velocity  would  be  the  fame  with  the 
mean  velocity  in  the  ecliptic.  Confequently,  the  diftance  of  the  fun  from  the  firft  of  Aries 
in  the  equator  would  at  any  time  be  the  fame  with  its  diftance  from  the  fame  point  in  the 
ecliptic,  if  it  were  to  move  uniformly  therein  with  its  mean  velocity  : that  is,  its  right  afcen- 
fion in  the  equator  would  always  be  equal  to  its  mean  longitude  in  the  ecliptic. 

PROP.  L.  An  arc  of  the  equator,  equal  to  the  difference  between  the 
fun’s  right  afcenfion  and  its  middle  longitude,  at  any  given  time  and  place, 
converted  into  time,  is  the  equation. 

It  has  been  Ihewn  (Prop.  XLVIII.)  that  in  the  portion  of  time  which  paffes  between  the 
arrival  of  the  fun  in  the  ecliptic  to  the  meridian  of  any  place,  and  its  fuppofed  arrival  at  the 

fame  meridian  if  it  were  to  move  uniformly  in  the  equator,  an  arc  of  the  equator  paffes  un- 
der 
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tier  the  meridian,  which  is  equal  to  the  difference  of  the  right  afcenfion  of  the  fun  as  it  moves 
in  the  ecliptic,  and  the  right  afcenfion  which  it  would  have  if  it  moved  uniformly  in  the 
equator.  And  it  has  been  proved,  (Prop.  XLV1I.)  that  this  portion  of  time  is  the  equation, 
and  (Prop.  XLIX.)  that  the  right  afcenfion  which  the  fun,  at  any  given  time  and  place, 
would  have  if  it  moved  uniformly  in  the  equator,  is  equal  to  its  mean  longitude  in  the  ecliptic. 
Therefore,  in  the  equation,  an  arc  of  the  equator  pafies  under  the  meridian,  equal  to  the  dif- 
ference of  the  right  afcenfion  of  the  fun  in  the  ecliptic,  and  its  mean  longitude.  Confequent- 
ly,  if  this  arc  be  converted  into  time,  that  is,  if  for  15  degrees  be  taken  an  hour,  for  15'  one 
minute  of  time,  for  15"  one  fecond  of  time,  the  equation  of  time  will  be  found. 

PROP.  LI.  If  the  fun’s  mean  longitude  be  greater  than  its  right  afcen- 
fion, mean  time  follows  apparent  time  ; if  its  mean  longitude  be  lefs  than 
its  right  afcenfion,  mean  time  precedes  apparent. 

If  the  right  afcenfion  of  the  fun,  as  before  fuppofed  in  the  equator,  EP,  that  is,  (by  Prop.  piate  9. 
XLIX.)  its  mean  longitude,  be  greater  than  the  fun’s  real  right  afcenfion  ER,  the  fuppofed  r,S- *3* 
place  of  the  fun  in  the  equator  P,  will  be  to  the  eafl  of  the  point  R,  where  the  fun’s  real 
right  afcenfion  ends.  Therefore  when  this  point  R,  at  apparent  noon,  is  come  to  the  meri- 
dian, the  point  P will  not  be  arrived  at  the  meridian ; and  mean  noon  will  be  later  than  appa- 
rent noon.  Therefore,  when  the  fun’s  middle  longitude  is  greater  than  its  right  afcenfion, 
mean  time  follows  apparent.  In  like  manner  the  reverfe  may  be  proved. 

Cor.  Elence  in  the  former  cafe  the  equation  is  to  be  fubtraElcd  from  the  apparent  time 
found  by  the  dial,  and  in  the  latter , to  be  added  to  it,  in  order  to  obtain  the  mean  time. 

Schol.  It  appears  from  the  foregoing  Propofitions,  that  the  difference  between  mean  and 
apparent  time,  depends  upoii  two  caufes  : ( 1)  the  obliquity  of  the  ecliptic  with  refpeft  to  the  \ 
equator  : and  (2)  the  unequal  motion  of  the  earth  in  an  elliptical  orbit.  The  obliquity  of  the 
ecliptic  to  the  equator  would  make  the  fun  and  clocks  agree  on  four  days  of  the  year,  viz. 
when  the  fun  enters  Aries,  Cancer,  Libra,  and  Capricorn.  But  the  other  caufe  which  arifes 
from  his  unequal  motion  in  his  orbit  would  make  the  fun  and  clocks  agree  only  twice  a year, 
that  is,  when  he  is  in  perigee,  and  apogee  ; confequently,  when  thefe  two  points  fall  in  the 
beginnings  of  Cancer  and  Capricorn,  or  of  Aries  and  Libra,  they  will  concur  in  making 
the  fun  and  clocks  agree  in  thofe  points.  But  the  apogee,  at  prefent,  is  in  the  ninth  degree 
of  Cancer,  and  the  perigee  in  the  ninth  degree  of  Capricorn  ; and,  therefore,  the  fun  and 
clocks  cannot  be  equal  at  the  beginnings  thefe  figns,  nor,  indeed,  at  any  time  of  the  year,  ex- 
cept when  the  fwiftnefs  and  flownefs  of  the  equation  refulting  from  one  of  the  caufes,  juft 
balances  the  flownefs  or  fwiftnefs  arifing  from  the  other,  which  happens  about  the  15th  of 
April,  the  15th  of  June,  the  31ft  of  Auguft,  and  the  24th  of  December  ; at  all  other 
times  the  fun  is  too  faft  or  too  flow  for  equal  time  by  a certain  number  of  minutes  and  fee- 
onds,  which  at  the  greateft  is  16'.  14".  and  happens  about  the  fir  ft  of  November : every 
other  day  throughout  the  year  having  a certain  quantity  of  this  difference  belonging  to  it, 
which,  however,  is  not  exactly  the  fame  every  year,  but  only  every  fourth  year,  for  which 
reafon,  it  is  ncceflary,  where  great  accuracy  is  required,  to  have  four  tables  of  this  equation, 

viz. 
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viz.  one  for  each  of  the  four  years  in  the  period  of  leap  years.  The  following  concife  table, 
adapted  to  the  fecond  year  after  leap  year,  will  always  be  found  within  about  a minute  of  the. 
truth,  and  therefore  fufficiently  accurate  for  common  clocks  and  watches* 


TABLE  for  the  Equation  of  Time. 
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Days. 

Months. 

Equation 

in 

Minutes. 

Days. 

Months. 

Equation 

in 

Minutes. 

Days. 

Months. 

Equation 

in 

Minutes. 

Days. 

Months. 
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in 

Minutes. 

Jan.  I 

4 + 

Apr.  I 

4+ 
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3 

5 

4 

3 

15 

4 
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*5 

5 

6 

7 
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20 
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20 
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7 

1 1 

1 

24 

2 

24 
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9 

8 

*5 

0 

28 

I 

27 

12 
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9 

# 

34 

0 

3° 

1 1 

15 

10 

J9 

1 — 

# 

Dec.  2 

10 

1« 

1 1 

24 

2 

Sept.  3 
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S 

9 

21 

12 

3° 

3 

6 

2 

7 

8 

25 

‘3 
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4 

9 

3 

9 

7 

31 

*4 

29 

3 

12 

4 

1 1 

6 

Feb.  10 

U 

June  5 

2 

‘5 

i 

13 

5 

21 

14 

10 

1 

18 

6 

16 

4 

2 7 

*3 

*5 

0 

2 1 

7 

18 

3 

Mar.  4 

12 

* 

24 

8 

20 

2 

8 

1 1 

26 

27 

9 

22 

1 

i 2 

10 

25 

2 

3° 

10 

24 

0 

15 

9 

29 

3 

0£t.  3 

1 1 

• * 

19 

8 

July  5 

4 

6 

12 

26 

1 + 

22 

7 

1 1 

5 

10 

*3 

28 

2 

2 5 

6 

28 

6 

14 

14 

3° 

3 

28 

5 

*9 

r5 

Thofe  columns  that  are  marked  -j- , fhew  that  the  clock  or  watch  is  fader  than  the  fun  ; and  thofe  marked 
that  it  is  flower.  See  Fergufon’s  Adronomy,  ch.  13.  Phil.  Tranf.  vol.  54. 


CHAP.  III. 

Of  the  inferior  planets,  MERCURY  and  VENUS. 

Def.  XLIII.  The  Elongation  of  any  planet  is  its  apparent  diftance 
from  the  fun. 

Def.  XLIV.  The  Nodes , of  the  orbit  of  a planet,  are  the  two  points 
in  which  the  orbit  cuts  the  plane  of  the  ecliptic  : and  a right  line  diawn 
from  one  node  to  the  other,  is  the  Line  of  the  Nodes . 

Def.  XLV.  The  Limits  of  the  orbit  of  a planet,  are  two  points  in 

the  middle  between  the  two  nodes.  _ 

Def. 


r 
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Def.  XLVI.  An  inferior  planet  is  in  its  inferior  conjunction,  when 
it  is  nearer  the  earth  than  the  fun  is,  and  in  its  fuperior  conjunction, 

when  it  is  farther  than  the  fun  is  from  the  earth,  and  both  in  the  fame 

fecondary. 

Let  A be  the  place  of  the'  earth  in  its  orbit  ABO,  E the  place  of  Venus  in  its  orbit  Plate  9. 
EHG,  S the  fun,  and  FD  an  arc  of  a circle  in  the  heavens.  Venus  will  be  in  its  inferior  Fl°-  17,• 
conjunction  when  it  is  at  Ej  and  at  its  fuperior  when  it  is  at  G,  and  both  are  in  the  fame 
fecondary. 

PROP.  LII.  An  inferior  planet  is  at  its  greateft  elongation,  when  a 
Fine  drawn- from  the  earth  through  the  planet,  is  a tangent  to  the  orbit  of 
the  planet. 

When  the  planet  is  at  E,  being  in  conjunction  with  the  fun,  it  has  no  elongation.  As  plate  9. 

it  moves  from  E towards  X its  elongation  incieafes,  till  at  X,  when  AF  is  a tangent  to  the  F|S  li> 

orbit  of  Venus,  its  apparent  place  is  F,  and  its  elongation  FQj_,  which  is  the  greateft  elon- 
gation it  can  have  ; for  in  palling  from  X to  G its  elongation  decreafes,  till  at  G it  becomes 
nothing.  This  will  he  true  in  elliptical  as  well  as  circular  orbits. 

Cor.  If  the  orbits  of  thefe  planets  were  circular,  the  diftance  of  each,  from  the  fun, 
would  be  to  the  earth’s  diftance,  as  the  fine  of  its  greateft  elongation  to  the  radius. 

The  orbits  are  not  circles,  but  ellipfes,  having  the  fun  in  one  focus  for  on  this  fup- 
pofition  their  computed  places  are  always  found  to  agree  with  their  obferved  places. 

PROP.  LIII.  The  inferior  planets  are  never  in  oppofition  to  the  fun. 

For  in  oppofition  the  earth  is  between  the  fun  and  the  planets,  which  can  never  happen 
when  the  orbit  of  the  planet  is  nearer  to  the  fun  than  that  of  the  earth. 

Def.  XL VII.  A planet  is  in  uadratufe , when  it  is  90  degrees  in  the 

edeftial  fphere  diftant  from  the  fun. 

PROP.  LIV.  The  inferior  planets  are  never  in  quadrature. 

The  greateft  angle  of  elongation  is  that  contained  by  AQ^,  drawn  from  the  earth  through  pjate 
the  fun,  and  AF  a tangent  to  the  orbit  of  the  planet.  Now  if  CLAF  were  a right  angle,  Fig.  ij. 

AF  would  be  (El.  III.  18.)  a tangent’  to  the  earth’ s orbit ; but  AF  is  a tangent  to  an  orbit 
lefs  than  that  of  the  earth  ; it  therefore  makes  an  angle  with  AQ^lefs  than  a right  angle, 
that  is,  QE  the  greateft  elongation  is  lefs  than  90  degrees. 

Cor.  Hence  the  inferior  planets  never  appear  far  from  the  fun. 


PROP. 
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Plate  9. 
Fig.  12. 


Plate  9. 
Fig.  12. 


PROP.  LV.  While  Venus  is  moving  from  the  fuperior  conjunction 
to  the  inferior,  it  lets  after  the  fun  ; while  it  is  moving  from  the  inferior 
conjunction  to  the  fuperior,  it  rifes  before  the  fun. 

Whilft  Venus  is  moving  from  G,  its  fuperior  conjunction,  through  P,  to  E its  inferior 
conjunction,  being  in  the  eaftern  part  of  its  orbit,  the  fun  will  be  weltward  of  Venus  ; there- 
fore Venus,  if  far  enough  from  the  fun,  will  be  feen  in  the  weft  after  the  fun  is  gone 
down,  whence  it  is  then  called  the  evening  ftar.  But  on  the  weftern  fide  of  its  orbit,  the 
fun  being  eaftward  of  it,  Venus  will  fet  before  the  fun,  and  confequently  rife  before  it, 
whence  it  is  then  called  the  morning  ftar. 

PROP.  LVI.  The  greateft  elongation  of  an  inferior  planet  on  one 
fide  of  the  fun  is  not  always  equal  to  that  on  the  other. 

For  fince  the  planet  moves  in  an  elliptical  orbit,  at  the  time  of  its  greateft  elongation  on 
one  fide  it  may  be  in  its  aphelion ; and  at  its  greateft  elongation  on  the  other  fide,  it  may 
be  in  feme  part  nearer  the  fun  : hence  its  real  diftance  from  the  fun  at  its  elongations  be- 
ing unequal,  its  apparent  diftances  will  be  fo  likewife. 

Cor.  The  greateft  elongation  of  Venus  being  found  greater  than  that  of  Mercury, 
the  latter  muft  be  nearer  the  fun  than  the  former. 

PROP.  LVII.  The  apparent  velocity  of  the  inferior  planets  is  greateft 
at  the  conjunctions. 

Since  the  plane  of  the  orbit  of  Venus  is  oblique  to  that  of  the  earth,  thofe  parts  of  this 
orbit  which  are  viewed  by  a fpeCtator  on  the  earth  direCtly,  would  appear  longer  than  other 
equal  parts  viewed  obliquely  ; whence  its  motions,  if  uniform,  muft  appear  unequal.  If  the 
orbit  EPGH  of  Venus  be  feen  obliquely  by  an  eye  placed  at  A,  the  parts  about  E and  G,  or 
near  the  conjunctions,  will  be  feen  direCtly,  for  AE  is  perpendicular  to  a tangent  at  E;  but 
the  parts  about  X and  P will  be  feen  obliquely  : whence  the  Propofition  is  manifeft. 

Schol.  The  time  when  an  inferior  planet  will  come  again  into  a given  fituation  with  re- 
fpeCt  to  the  fun  and  the  earth,  may  be  thus  found.  Whilft  Venus  performs  one  revolution, 
the  earth,  whofe  periodical  time  is  longer  than  that  of  Venus,  will  not  have  completed  its 
revolution.  Before  Venus  and  the  earth  can  be  again  in  the  inferior  conjunction,  Venus 
muft,  therefore,  befides  its  entire  revolution,  deferibe  an  arc  equal  to  that  which  the  earth 
has  palled  over  : confequently,  the  number  of  degrees  palled  over  by  each,  or  their  angular 
motions,  in  the  fame  time,  will  be  reciprocally  as  their  periodical  times  •,  that  is,  as  the  peri- 
odical time  of  the  earth  is  to  the  periodical  time  of  Venus,  fo  is  the  angular  motion  of  Venus 
(which  is  equal  to  four  right  angles  added  to  the  angular  motion  of  the  earth  between  two 
inferior  conjunctions)  to  the  angular  motion  of  the  earth  in  the  fame  time  : whence  (El. 
V.  17.)  as  the  difference  between  the  periodical  times  of  the  earth  and  Venus,  is  to  the 

periodical  time  of  Venus,  fo  are  four  right  angles,  or  360°.  to  the  number  of  degrees  over 

which 
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which  the  earth  pafles  in  her  orbit  from  one  inferior  conjunaion  to  another.  This  is  only- 
true  upon  the  fuppofition  that  the  planets  moved  in  circular  orbits,  in  which  cafe  the  fol- 
lowing general  rule  would  apply  to  the  finding  the  time  from  conjunaion  to  conjunaion, 
or  from  oppofition  to  oppofition  of  any  two  planets.  “ Multiply  their  periodic  times  together, 
and  divide  the  produa  by  their  difference,  and  you  have  the  time  fought.”  For  let  P = the 
periodic  time  of  the  earth,  p — that  of  the  planet  (fuppofe  an  inferior)  t — time  required : 

then  P : i day  : : 360°  : the  angle  defcribed  by  the  earth  in  1 day  : for  the  fame 

360° 

- p~  is  the  daily 


reafon  the  angle  defcribed  by  the  planet  in  1 day : hence 

P p 


t * 

angular  velocity  of  the  planet  from  the  earth.  Now  if  they  fet  out  from  conjunaion,  they 

/"  n _ / _ 

will  return  into  conjunaion  again,  after  the  planet  has  gained  360°  j hence 


36°c 


360 

T 


360°  : : x day  : t — p-A 


p? 

For  a fuperior  planet  t = ~Zp- 


Def.  XL VIII.  The  apparent  motion  of  a planet,  if  feen  from  the 
earth,  is  called  its  Geocentric  Motion  ; if  feen  from  the  fun,  its  Heliocentric 
Motion. 
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PROP.  LVIII.  When  the  inferior  planets  are  palling  from  their  great- 
ell  elongation,  through  their  fuperior  conjunction,  to  their  greatelt  elonga- 
tion on  the  other  fide,  their  geocentric  motion  is  diredt,  or  they  appear  to 
move  from  weft  to  call. 

When  Venus  is  at  X,  it  appears  to  a fpedlator  at  A to  be  in  the  point  F of  the  concave  Plate  9. 
fphere  of  the  heavens  : when  it  has  moved  forwards  in  its  orbit  to  H,  G,  N,  P,  it  will  appear  Flg‘ l7r 
fuccefiively  in  the  feveral  points  F,  Q^,  R,  D.  But  the  motion  from  F to  D is  from  weft  to 
eaft  ; for  whilft  the  fun  and  earth  are  on  the  fame  fide  of  the  planet,  it  muft  appear  to  move 
in  the  fame  direction,  whether  it  be  viewed  from  the  earth  or  the  fun,  becaufe  the  fpedlator 
at  either  ftation  views  the  concave  fide  of  the  planet’s  orbit : but  from  the  fun  it  is  always 
feen  to  move  from  weft  to  eaft  ; therefore  its  apparent  geocentric  motion  in  this  fituation  is 
direct,  or  in  confequentia. 


PROP.  LIX.  While  the  inferior  planets  are  moving  from  the  greatelt 
elongation  on  one  fide,  to  the  greatelt  elongation  on  the  other,  through 
their  inferior  conjunction,  their  geocentric  motion  is  retrograde,  or  from 
eaft  to  welt. 

While  the  planet  is  in  this  fituation,  the  convex  fide  of  its  orbit  is  towards  a fpedfator  on 
the  earth,  but  its  concave  fide  towards  a fpeefator  at  the  fun  : hence  the  former  will  fee  the 
planet  move  in  a direction  contrary  to  that  in  which  it  will  appear  to  the  latter  to  move. 

N n Thus, 
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Thus,  when  the  planet  is  at  P,  it  will  appear  in  the  heavens  at  D ; and  as  it  paffes  through 
E to  X,  it  appears  to  move  from  D through  R,  P,  to  F : but  the  motion  from  D to  F 
is  from  eaft  to  weft  •,  therefore  the  apparent  motion  of  the  planet  in  this  part  of  its  orbit  is 
retrograde,  or  in  antecedent™ , 

PROP.  LX.  When  the  inferior  planets  are  at  their  greateft  elongations 
they  appear  ftationary. 

At  either  of  the  greateft  elongations  P,  of  the  planet  Venus,  AD  is  a tangent  to  the  orbit ; 
which  fo  nearly  coincides  with  a fmall  arc  of  the  curve,  that  a fpe£lator’s  eye  placed  at  the 
earth  could  not  diftinguifh  the  tangent  from  this  part  of  the  curve  : confequently,  a planet, 
while  it  is  in  this  part  of  the  curve,  will  appear  to  lie  in  the  tangent  AD,  that  is,  to  be  fta-. 
tionary  in  the  point  D, 

Schol.  i.  In  the  preceding  Proportions,  the  earth’s  motion  in  its  orbit  is  not  regarded,  be- 
caufe  the  only  effect  of  this  motion  on  the  appearances  above  defcribed,  is,  that  they  take  place 
in  different  parts  of  the  heavens  ; whereas,  without  this  motion  the  inferior  planets  would 
always  be  director  retrograde  in  their  motion,  or  be  ftationary,  in  the  fame  parts  of  the  heavens. 
Plate  9.  If  ABO  be  the  orbit  of  the  earth,  and  EHG  that  of  Venus  ; when  the  earth  is  at  A, 

F'g- the  fun’s  geocentric  place  is  Q^_,  and  Venus,  in  order  to  be  in  conjunction,  muft  be  in  the 
line  A(V  at  E or  G.  If  the  earth  flood  ftill  at  A,  and  Venus  were  in  her  inferior  con- 
junction at  E,  the  fuperior  conjunction  would  always  be  at  G,  and  her  greateft  elongations 
at  X and  P.  But  if  the  earth  be  advanced  in  her  orbit  from  A to  a , the  fun’s  geocentric 
place  is  now  at  m,  and  Venus,  in  order  to  be  in  conjunction,  muft  now  be  in  one  of  the 
points  in  which  her  orbit  cuts  the  line  am.  Thus  the  places  of  the  conjunctions,  and  con- 
fequently of  the  greateft  elongations  af,  ad , are  continually  carried  round  the  ecliptic  in  the 
order  of  the  figns. 

Schol.  2.  As  feen  from  the  fun  the  motion  of  thefe,  and  indeed  of  all  the  planet?, 
appears  to  be  conftantly  direCt  : the  appearance  of  the  ftations  and  retrogradations  is  en- 
tirely owing  to  the  fituation  and  motion  of  the  earth.  And  from  thefe  caufes  the  apparent 
motion  of  Mercury  and  Venus  appears  to  us  to  be  in  looped  curves.  In  order  to  reprefent 
the  apparent  paths  of  thefe  planets,  Fergufon  removed  from  an  Orrery  the  balls  reprefenting 
the  Sun,  Mercury,  and  Venus,  and  put  in  their  places  black-lead  pencils,  with  the  points 
upward,  and  fixed  a circular  piece  of  pafte-board,  fo  that  it  remained  conftantly  in  the  fame 
pofition,  during  the  motion  of  the  machine,  with  its  centre  refting  on  tire  terreftrial  hall. 
Then,  the  pafte-board  being  gently  prefled  on  the  pencils,  and  the  pencils  reprefenting 
Mercury  and  Venus,  together  with  the  terreftrial  ball  being  made  to  revolve  about  the 
pencil  in  the  fun’s  place,  by  turning  the  winch  of  the  machine,  the  three  pencils  defcribed 
plate  1.  on  the  pafte-board  a diagram,  of  which  Plate  1.  Fig.  14.  is  a copy,  reduced  to  a lefs  fize. 

Fig.  14-  The  folar  pencil  marked  the  dotted  circle  of  months,  which  reprefents  the  fun’s  apparent 

motion  in  the  ecliptic,  and  is  the  fame  every  year.  The  pencil  in  Mercury’s  place  traced 
the  curve,  haying  23_loAps  and  croffmg  itfelf  the  fame  number  of  times,  which  reprefents 
that  planet’s  apparent  motion  for  7 years.  The  pencil  in  the  place  of  Venus  defcribed 

the  curve,  having  5 loops,  which  reprefents  the  apparent  path  of  Venus  for  8 years  j 

after 
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after  which  time  this  planet  moves  again  very  nearly  in  the  fame  apparent  path.  The 
ecliptic  enclofes  thefe  curves,  in  the  figure,  and  dotted  lines  are  drawn  from  the  earth  to' 
the  ecliptic,  to  fhew  the  apparent  or  geocentric  motion  of  Mercury  for  one  year,  which  is 
eafily  traced  from  A,  where  it  commences*  through  B,  C,  &c.  At  B Mercury  is  ftationary, 
and  the  dotted  line,  drawn  through  B,  (hews  its  place  in  the  ecliptic  •,  from  B to  C it  is 
retrograde  ; at  C ftationary  ; from  C it  proceeds  diredtly.  And,  univerfally,  on  each  fide 
of  the  loops  the  planets  appear  to  be  ftationary  •,  in  the  part  of  the  loops  neareft  to  the 
earth,  retrograde  ; and  in  the  reft  of  the  path,  d'irett. 

PROP.  LXI.  The  heliocentric  latitude  of  an  inferior  planet  is  the 
greateft  when  the  planet  is  in  one  of  its  limits. 

For  the  planet  is  then  (Def.  XLV.)  at  its  greateft  diftance  from  the  ecliptic,  and  therefore 
will  have  the  greateft  latitude,  as  feen  from  the  fun. 

PROP.  LXII.  The  geocentric  latitude  of  an  inferior  planet  is  direCtly 
as  its  heliocentric  latitude,  and’  inverfely  as  its  diftance  from  the  earth. 

The  apparent  length  erf  a line  drawn  from  the  planet  to  the  plane  of  the  ecliptic,  that  is, 
its  geocentric  latitude,  is  (by  Book  VI.  Prop.  LX1X.  LXX.)  direCtly  as  its  real  length,  and 
inverfely  as  the  diftance  of  the  fpeCtator’s  eye.  But  the  real  length  of  a line  drawn  from 
the  planet  to  the  plane  of  the  ecliptic,  is  its  heliocentric  latitude  ; and  the  fpeCtator’s  eye 
is  at  the  earth  ; whence  the  propofition  is  manifeft. 

Cor*  When  Venus  is  in  its  inferior  conjunction,  its  heliocentric  latitude  is  lefs  than 
its  geocentric  ; for  it  is  then  farther  from  the  fun  than  from  the  earth.  The  contrary  takes 
place  with  rcfpeCt  to  Mercufy. 

PROP.  LXIII.  The  fun  enlightens  only  one  half  of  a planet,  and  only 
one  half  of  a planet  is  vifible,  at  once. 

* 

This  is  fufficiently  manifeft  from  the  fpherical  form  of  the  planets,  and  the  reCtilinear 
motion  of  light. 

Schol.  Venus  and  Mercury,  in  paffing  from  the  inferior  to  the  fuperior  conjunction, 
are  obferved  to  have  all  the  phafes  of  the  moon  from  new  to  full. 

Def.  XLIX.  The  hemifphere  of  a planet  which  is  towards  the  earth 
is  called  its  Difc , becaufe  it  appears  like  a plane  circle. 

PROP.  LXIV,  The  inferior  planets  arc  invifible  in  their  inferior 
conjunction  ; their  whole  difc  is  illuminated,  when  they  are  in  their 
fuperior  conjunction  ; and  they  are  more  or  lefs  illuminated,  as  they  are 
nearer  or  farther  from  their  fuperior  conjunction* 

M N ? 


When 


284 


OF  ASTRONOMY, 


flate  10. 
Fig.  1. 


Book  VII.  Part  h 

■When  Venus,  or  Mercury,  is  in  its  fuperior  conjunction,  the  whole  of  its  enlightened 
hemifphere  is  towards  the  earth,  and  its  entire  diic  is  vifible  ; as  it  pafles  towards  its  in- 
ferior conjunction,  its  enlightened  hemifphere  turns,  by  degrees,  from  the  earth,  till,  at  the 
inferior  conjunction,  it  is  wholly  turned  from  the  earth,  and  the  planet  becomes  invifible. 

PROP.  LXV.  If  an  inferior  planet  is  in  one  of  its  nodes  at  the  time 
of  its  inferior  conjunction,  it  will  appear  as  a fpot  in  the  drfc  of  the  fun. 

When  the  planet  is  in  the  nodes,  it  will  be  in  the  plane  of  the  ecliptic  ; and  if  at  the 
fame'  time  it  be  in  its  inferior  conjunction,  it  will  neither  appear  above  nor  below  the  funr* 
as  it  does  when  in  conjunction  in  other  parts  of  its  orbit,  but  on  the  fun’s  dife. 

G H A P.  IV. 

Of  the  superior  planets,  MARS,  JUPITER,  SATURN,  and  the 

HERSCHEL. 

Def.  L.  The  fuperior  planets  are  Mars,  Jupiter,  Saturn,  and  the' 
Herfchel. 

PROP.  LXVr.  The  fuperior  planets  are  fometimes  in  conjunction 
with  the  fun,  fometimes  in  oppofition,  and  fometimes  in  quadrature. 

This  is  known  from  obfervation. 

Let  S be  the  fun  ; QUO  a part  of  the  orbit  of  Jupiter  ; P the  planet  ; adg , or  nig,  the 
earth’s  orbit.  When  the  earth  is  at  d , the  fun  at  S,  and  the  planet  at  P,  the  planet  is 
in  conjunction  : when  the  earth  is  at  k,  the  fun  at  S,  and  the  planet  at  P,  the  planet  is 
in  oppofition  : when  the  earth  is  at  n or  g,  and  the  planet  at  P,  the  planet  will  be  in 
quadrature. 

Cor.  Therefore  the  fuperior  planets  move  in  orbits  farther  diftant  from  the  fun,  than 
the  orbit  of  the  earth. 

PROP.  LXVII.  The  apparent  diameter  of  a fuperior  planet  is  greateft 
when  the  planet  is  in  oppofition. 

For,  when  the  planet  is  in  conjunction,  its  difiance  from  the  earth  is  greater  than  when 
it  is  in  oppofition,  by  the  diameter  of  the  earth’s  orbit. 

PROP.  LXVIII.  If  a fuperior  planet  were  at  reft,  its  apparent 
geocentric  motion  in  any  given  time  would  be  proportional  to  the  angle 
fubtended  by  the  arc  described  by  the  earth  in  that  time,  and  feen  from 
the  planet,  When 
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When  the  earth  is  at  a , the  planet  P appears  in  the  right  line  aPAj  and  among  the  ftars  phte 
in  the  heavens  at  A : when  the  earth  is  at  b , the  planet  appears  at  B.  Therefore  while  the  Fig.  1. 
earth  moves  from  a to  b,  the  planet  appears  to  move  from  A to  B.  But  this  arc  AB  is 
proportional  to  the  angle  APB,  that  is,  to  the  oppofite  angle  aV b,  which  is  the  angle  which 
the  arc  ab  would  fubtend  to  an  eye  placed  at  the  planet  P. 


PROP.  LXIX.  The  geocentric  velocity  of  a fuperior  planet  is  greateft 
at  its  conjunction  and  oppofition. 

Arcs  of  a given  length  near  the  points  d and  h,  when  the  planet  is  feen  from  the  earth 
in  conjunction  or  oppofition,  would  appear  greater  than  arcs  in  any  other  part  of  the  earth’s 
orbit,  viewed  from  the  planet  P,  becaule  the  former  are  feen  dire&ly,  the  latter  obliquely  : 
confequently,  thefe  arcs  would  fubtend  greater  angles  ; whence  the  apparent  velocity  of  the 
planet,  as  viewed  from  the  earth,  is  greater  at  the  conjunction  or  oppofition,  than  at  any 
other  time. 


PROP.  LXX.  When  a line  drawn  from  a fuperior  planet  to  the  earth 
is  a tangent  to  the  earth’s  orbit,  the  planet  appears  ftationary. 

While  the  earth  is  near  a or  g,  points  in  its  orbit  lying  in  a line  which,  drawn  from  the 
planet,  is  a tangent  to  that  orbit,  the  arc  which,  it  then  deferibes  fo  nearly  coincides  with 
the  tangent  line,  that  the  earth  for  fome  time  feems  to  move  diredtly  from  or  towards  the 
planet  in  the  line  of  the  tangent  ; whence  the  planet  mull,  during  that  time,  appear  to  be 
in  that  line,  or  to  be  ftationary. 

PROP.  LXXI.  When  a fuperior  plailet  is  palling  from  one  of  its 
ftationary  fituations  to  the  other  through  the  conjundtion,  its  geocentric 
motion  is  diredt  ; when  through  the  oppofition,  retrograde. 

While  the  earth  is  moving  from  a through  d to  g,  the  fun  and  planet  being  both  on  the  Plate  i&. 
fame  fide  of  the  earth,  the  motion  of  the  earth  will  produce-  an  apparent  motion  in  the  1‘ 

fun  and  planet  the  fame  way,  and  both  will  appear  to  move  from  A towards  G.  But  while 
the  earth  moves  from  g to  n through  k , the  fun  and  planet  being  on  contrary  fides  of  the 
earth,  the  motion  of  the  earth  in  its  orbit  will  produce  an  apparent  motion  of  the  fun  and 
planet  in  contrary  diredlions,  that  is,  whilft  the  fun  appears  to  move  from  weft  to  call,  the 
planet  will  appear  to  move  from  eaft  to  weft  in  the  diredtion  G,  H,  I,  &c. 

Schol.  The  progrefs,  regrefs,  and  ftatioiis  of  the  fuperior  planets,  muft  take  place  not- 
Vvithftanding  the  motion  of  the  earth,  fince  this  only  changes  the  place  of  the  conjundtions 
and  oppofitions,  on  which  thefe  depend,  as  was  fhewn,  Prop.  LX.  Schol. 

PROP.  LXXII.  Mars  fometimes  appears  round,  fometimes  gibbous ; 
Jupiter,  Saturn,  and  the  Herfchel,  always  appear  round, 
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When  Mars  is  either  in  oppofition  or  conjunction,  his  whole  illuminated  hemifphere  is 
towards  the  earth,  but  when  it  is  in  quadrature,  fome  part  of  his  illuminated  dife  is  turned 
from  the  earth.  The  fame  mull  happen  in  the  revolutions  of  Jupiter,  Saturn,  and  the 
Herfchel,  about  the  fun  ; but  their  great  diftance  renders  the  difference  between  the  perfect 
and  imperfect  illumination  of  their  dife  imperceptible. 

Schol.  The  following  particulars  refpeciing  Mars  are  given  by  Dr.  Herfchel,  after 
long  and  accurate  obfervations. 

The  axis  of  Mars  is  inclined  to  the  ecliptic  590.  42'. 

The  node  of  the  axis  is  in  170.  47'.  of  Pifces. 

The  obliquity  of  the  ecliptic  on  the  globe  of  Mars  is  28°.  42'. 

The  point  Aries  on  the  martial  ecliptic  anfwers  to  our  190.  28'.  of  Sagitarius. 

The  figure  of  Mars  is  that  of  an  oblate  fpheroid,  w'hofe  equatorial  diameter  is  to  the  polar 
one  as  j 3 5 5 to  1272,  or  as  16  to  15  nearly. 

The  equatorial  diameter  of  Mars,  reduced  to  the  mean  diftance  of  the  earth^from  the 
fun  is  9".  8,/h 

And  that  planet  has  a confiderable,  but  moderate  atmofphere,  fo  that  its  inhabitants,  prob- 
ably, enjoy  a fituation,  in  many  refpeCts,  fimilar  to  ours. 

Phil.  Trans.  Vol;  lxxiv.  Part  2. 

CHAR  V. 

Of  the  Moon. 

SECT.  1. — Of  the  Variations  in  the  Appearance  of  the  Moon.' 

Def.  LI.  When  the  moon  is  at  its  greateft  diftance  from  the  earth  in 
its  orbit,  which  is  elliptical^  or  at  its  higher  apfis,  it  is  faid  to  be  in  its 
Apogee ; when  at  its  leaft  diftance,  or  lower  apfis,  in  its  Perigee . 

Def.  LII.  When  th* moon  is  in  conjunction  with  the  fun,  it  is  New 
Moon ; when  in  oppofition,  it  is  Full  Moon  : its  conjunction  and  oppofi- 
tion are  called  by  the  common  name  of  its  Syzygies. 

Def.  LIU.  A Periodical  Month  is  the  time  in  which  the  moon  de- 
feribes  its  orbit ; a Synodical  Month  is  the  time  which  pafles  between  one 
new  moon  and  the  next. 

PROP.  L XXIII.  A fynodical  month  is  longer  than  a periodical 
month. 

Becaufe  the  moon  moves  in  the  fame  direCtioil  with  the  fun,  while  the  moon  performs 

one  revolution  in  its  orbit,  the  fun,  by  its  apparent  annual  motion,  is  advanced  in  the  eclip- 
tic ■, 
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tic  • confequently,  the  moon  mult  pafs  beyond  the  point  in  which  it  has  completed  its  revo- 
lution before  it  comes  again  into  conjun&ion  with  the  fun. 

Let  S be  the  fun,  BA  a part  of  the  earth’s  orbit,  md , MD,  the  diameter  of  the  moon’s  or-  piate  I0 
bit  when  the  earth  is  at  B,  or  A.  While  the  earth  is  at  A,  if  the  moon  be  at  D,  it  will  be  in  F»g-  8. 
'Conjunction,  and  if  the  earth  continue  in  the  fame  place,  after  one  revolution  in  its  orbit,  it 
would  be  again  in  conjunaion  : but  if,  during  the  revolution  of  the  moon,  the  earth  is  re- 
moved to  B,  the  moon  at  the  end  of  the  revolution  will  be  at  d , a point  which  is  not  between 
the  earth  and  fun  ; it  mult  therefore  move  on  from  d to  e before  it  will  be  in  conjunaion. 

PROP.  LXXIV.  The  moon,  at  its  conjunction,  is  invifible  ; at  its  op- 
pofition,  its  whole  dife  is  enlightened  ; at  its  quadratures,  it  is  half  enlight- 
ened ; between  the  conjunction  and  quadrature,  it  is  horned  ; and  between 
the  quadrature  and  oppofition,  it  is  gibbous. 

Let  QTL  be  a part  of  the  earth’s  orbit,  S the  fun,  T the  earth,  ACEG  the  moon’s  orbit.  Plate  «<* 
When  the  moon  is  at  E,  or  in  conjunaion,  becaule  it  is  between  the  earth  and  fun,  its  illu-  tis'  a' 
minated  hemifphere  will  be  wholly  turned  from  the  earth,  confequently,  its  dife  will  be  dark. 

At  A,  being  in  oppofition,  its  illuminated  hemifphere  will  be  wholly  towards  the  earth,  and 
its  whole  dife  will  be  vifible.  At  C,  or  G,  the  apparent  diftance  of  the  moon  from  the  fun 
will  be  90  degrees  •,  for  a right  line  from  C or  G,  will  make  a right  angle  with  the  line  TS,  in 
which  the  fun  appears  : whence  the  moon  at  each  of  them  is  half  way  between  the  oppofition 
and  conjunaion,  that  is,  in  the  middle  ftate  between  the  perfea  illumination  and  the  entire 
darknefs  of  its  dife  ; confequently,  its  dife  is  half  enlightened.  In  palling  from  C to  E,  and 
from  E to  G,  its  dife  will  be  lefs  than  half  illuminated,  or  it  will  appear  horned  ; in  palling 
from  G to  A,  and  from  A to  C,  its  dife  will  be  more  than  half  illuminated,  or  it  will  appear 
gibbous.. 

Cor.  The  earth  mull;  be  a fatellite  to  the  moon,  and  fubjea  to  the  fame  changes,  but 
more  than  1 3 times  larger  than  the  moon  appears  to  us.  At  new  moon  to  us,  the  earth  ap- 
pears full  to  her. 

Def.  LIV.  A circle  fuppofed  to  be  drawn  upon  the  furface  of  the  moon, 
feparating  the  illuminated  from  the  dark  hemifphere,  is  called  the  Circle  of 
Illumination  : a circle  which  feparates  its  vifible  from  its  invifible  hemifphere, 
is  called  the  Circle  of  the  Dife. 

PROP.  LXXV.  If  the  centres  of  the  fun,  the  earth,  and  the  moon,  are 
joined  by  ftraight  lines  forming  a triangle,  the  external  angle  of  this  trian- 
gle at  the  moon,  is  equal  to  the  angle  contained  between  the  circle  of 
illumination,  and  the  circle  of  the  dife. 

Let  S be  the  fun,  T the  earth,  O the  centre  of  the  moon,  and  ivCnq  the  moon’s  orbit.  Let  Plate  10 
STO  be  the  fuppofed  triangle.  Draw  the  line  rq  perpendicular  to  SO,  and  nm  perpendicular  1 ' 

to 
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to  TOP.  The  angle  SOP  will  be  equal  to  the  angle  mOq , contained  between  rq , which  rep- 
refents  the  circle  of  illumination,  and  tmi,  which  reprefents  the  circle  of  the  difc.  Becaufe  the 
angles  SOr,  TO m,  are  by  conftruclion  right  angles,  they  are  equal  : and  POr,  <?OT,  are  ver- 
tical angles,  and  therefore  equal.  Confequently,  the  remaining  angles  POS,  mOq , are  equal. 

Schol.  This  Proportion  ferves  to  explain  all  the  different  phafcs  of  the  moon.  For 
Plate  10.  example  ; when  the  moon  is  moved  from  O to  A,  the  line  SO  coincides  with  SA,  and 

J,,8- 3-  TO  with  T A ; therefore  TO,  OS,  lie  in  the  fame  line,  and  the  external  angle  POS  is 

nothing  : whence  the  two  circles  of  illumination  and  pf  the  difc  coincide  j and  becaufe  the 
difc  is  then  turned  from  the  fun,  it  ig  wholly  dark.  When  the  moon  is  in  quadrature,  the 
line  TOP  will  be  a tangent  to  the  moon’s  orbit  ; whence  SOP  will  be  a right  angle,  and 
the  two  circles  will  be  at  right  angles  to  each  other,  and  the  difc  will  appear  half  illumi- 
nated. If  the  angle  POS  be  lefs  or  greater  than  a right  angle,  the  circle  of  illumination 
will  make  an  angle  with  that  of  the  difc,  lefs  or  greater  than  a right  angle  : whence  the 
illuminated  part  will  appear  horned  or  gibbous.  Laflly,  when  the  moon  is  in  oppofition, 
# the  lines  SO,  ST,  become  one  and  the  fame  line  j whence  the  circles  coincide,  and  the 

whole  difc  is  illuminated. 


PROP.  LXXVI.  The  horns  of  the  moon,  before  the  conjunction, 
are  turned  towards  the  eaft  ; after  it,  towards  the  weft. 

The  fun,  after  the  conjunction,  fetting  before,  that  is,  to  the  well  of  the  moon,  illumi- 
nates the  weft  fide  of  the  moon’s  difc  ; whence  its  horns,  which  are  towards  the  dark  part 
of  the  difc,  are  towards  the  eaft.  The  reverfe  takes  place  at  the  oppofition,  when  the  moon 
is  feen  in  the  eaft,  before  the  fun  rifes. 


PROP.  LXXVII.  When  the  moon  is  horned,  its  obfeure  part  is 
vifible  by  the  refle&ion  of  the  rays  of  the  fun  from  the  earth, 

Plate  to.  When  the  moon  is  at  D or  F,  near  the  conjunction,  the  enlightened  hemifphere  of  the 
JF«g-  2.  earth  will  be  towards  the  moon,  and  refleCt  the  rays  of  the  fun  upon  it. 

PROP.  LXXVIII.  The  moon  always  has  nearly  the  fame  fide  to- 
wards the  earth. 

This  is  proved  by  obfervation. 

Cor.  1.  Hence,  if  the  moon  revolves  about  its  axis,  its  periodical  time  mult  be  equal  to 
that  of  its  revolution  in  its  orbit  round  the  earth,  This  is  alfo  found  to  be  the  cafe  with  the 
fifth  fatellite  of  Saturn  as  it  regards  its  primary. 

Cor.  2.  Though  the  year  is  of  the  fame  abfolute  length,  both  to  the  earth  and  moon, 
yet  the  number  of  days  in  each  is  very  different  ; the  former  having  3657  natural  days,  but 
the  latter  only  about  i2-~,  every  day  and  night  in  the  moon  being  as  long  as  297  on  the 
earth. 


Schol. 
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Schol.  This  propofition  would  be  true  without  any  limitation,  if  the  angular  velocity 
of  the  moon  about  the  earth  were  equal  to  the  angular  velocity  about  her  axis,  for  then  the 
fame  face  mull  be  always  exactly  turned  towards  the  earth.  But  the  angular  velocity  of 
the  moon  about  the  earth  is  not  uniform,  while  that  about  its  axis  is  uniform,  and  therefore 
the  fame  face  is  not  always  turned  to  the  earth.  Since,  however,  the  oppofite  face  of  the 
moon  is  never  feen,  the  time  of  the  moon’s  rotation  about  her  axis  mull  be  equal  to  the 
mean  time  in  her  orbit.  See  Prop.  LXXX.  and  LXXXI. 

PROP.  LXXIX.  The  moon  appears  to  have  two  librations,  one  upon 
a line  perpendicular  to  its  axis,  called  its  libration  in  latitude  ; the  other 
upon  its  axis,  called  its  libration  in  longitude. 

This  appears  from  obfervation,  fome  fmall  portions  of  the  furface  of  the  moon  being 
vifible  in  fome  parts,  and  invifible  in  other  parts,  of  its  orbit  : that  is,  in  confequence  of 
her  libration  in  latitude  we  fometimes  fee  one  pole,  and  fometimes  the  other.  And  by  the 
libration  in  longitude,  more  of  the  weftern  limb  is  fometimes  fepn,  and  at  others,  more  of 
the  eaflern.  The  inclination  of  her  axis  to  her  orbit  is  6°.  49'. 

Cor.  The  axis  of  the  moon  being  almoft  perpendicular  to  the  ecliptic,  there  will  be  but 
a fmall  difference  in  its  feafons. 

Schol-  The  moon’s  axis  being  fo  nearly  perpendicular  to  the  ecliptic,  that  the  fmall 
obliquity  of  her  orbit  cannot  caufe  the  fun  fenfibly  to  decline  from  the  equator.  Hence  we 
learn,  that  the  inhabitants  of  the  moon,  mufl  devife  fome  method,  different  from  ours,  for 
afcertaining  the  length  of  their  year.  We  know  the  length  of  our  years  by  the  return  of 
the  equinoxes  ; but  thefe  are  not  difcoverable  in  the  moon,  where  the  days  and  nights  are 
equal. 

The  Lunarians  may,  perhaps,  meafure  their  year  by  obferving  when  either  of  the  poles 
of  our  earth  begins  to  be  enlightened,  and  the  other  to  difappear,  which  happens  at  our 
equinoxes  *,  they  being  conveniently  fituated  for  obferving  large  trn£fs  of  land  about  the  poles 
of  the  earth  which,  at  prefent,  are  unknown  to  the  mod  experienced  of  our  navigators. 

PROP.  LXXX.  The  librations  of  the  moon  may  be  explained  on 
the  fuppofition  that  the  moon  has  a revolution  round  its  axis. 

Let  IH  reprefent  the  plan  of  the  moon’s  orbit,  E the  earth,  and  CMD  the  moon  ; and  pute  10. 
let  AB  be  the  axis  round  which  the  moon  revolves,  and  A be  called  its  north  pole,  and  B F|S-  4- 
its  fouth  pole.  CMD  will  in  this  fituation  be  the  vifible  hemifphere,  and  CD  the  plane  of 
the  dife.  By  the  libration  in  latitude  the  line  AB  appears  to  vibrate  on  the  line  IH,  fo  that 
fometimes  the  point  A is  vifible,  and  fometimes  the  point  B.  This  variation  attends  the 
moon’s  revolution  in  its  orbit  : in  one  half  of  the  orbit,  the  pole  A is  always  vifible,  and 
in  the  other  halt  the  pole  B.  It  mud  therefore  avife  from  the  inclination  of  the  axis  of  the 
moon  to  the  plane  of  its  orbit.  When  the  moon 'is  at  I,  if  the  axis  AB  is  inclined  to  III 
the  plane  of  the  orbit,  making  with  it  the  angle  A1H  to  a fpedhitor  at  E,  the  vifible  hemif- 
phere will  be  CND,  and  the  pole  A will  be  within  the  dife  : but  when  the  moon  is  at  II, 
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the  vifible  hemifphere  -w  ill  be  CMD  ; and,  the  axis  AB  being  always  parallel  to  itfelf,  the 
pole  B will  be  within  the  dife. 

Again,  let  the  moon  be  at  A,  the  earth  at  T,  and  a line  d c s,  palling  through  the  centre  of 
the  moon,  be  its  axis.  If  a circle,  whofe  plane  is  perpendicular  to  T c,  pafs  through  the  line 
d c s,  this  circle  will  be  that  of  the  dife,  and  dbqs  will  be  the  vifible  hemifphere.  But  the 
moon  has  an  apparent  motion,  by  which  the  dife  is  changed,  fo  that  at  one  time  r b is  the 
circle  of  the  dife,  and  rqb  the  vifible  hemifphere,  at  another  fq  and  fcq.  In  the  former 
cafe,  sr  becomes  vifible,  and  db  invifible  ; in  the  latter  cafe,  df  becomes  vifible,  and  qs  invifi- 
ble.  This  libration  in  longitude  arifes  from  the  elliptical  form  of  the  moon’s  orbit.  If  the 
moon  has  a rotation  round  its  axis,  it  has  been  Ihewn  that  its  revolution  will  be  completed  in 
the  time  of  one  revolution  in  its  orbit ; and  becaufe  the  motion  round  the  axis  is  uniform,  one 
quarter  of  a revolution  will  be  completed  in  one  fourth  part  of  the  periodical  time.  But,  the 
moon’s  orbit  being  fuppofed  elliptical,  and  the  earth  placed  at  T one  of  the  foci,  the  moon 
will  move  flowrer  at  A its  apogee,  than  at  P its  perigee,  and  its  velocity  will  continually  in- 
creafe  in  moving  from  A to  P,  and  decreafe  in  moving  from  P to  A.  If  therefore  when  the 
moon  is  at  A,  dbqs  is  the  vifible  hemifphere,  after  it  has  moved  from  A to  B,  through  that 
quarter  of  its  orbit,  in  which  it  moves  with  its  lefs  velocity,  and  confequently  takes  up  more 
than  a quarter  of  its  periodical  time,  ds  will  not  be  perpendicular  to  Tc,  but  the  point  s will 
have  turned  from  well  to  eaft  more  than  a quarter  round  the  axis  C : hence  the  point  s wall 
not  be  vifible  wdien  the  moon  is  at  B,  and  hi  inftead  of  dc  will  be  the  circle  of  the  dife.  In 
palEng  from  B to  P,  its  excefs  of  velocity  wall  make  up  for  its  defect  in  palling  from  A to  B ; 
and  at  B it  will  have  completed  half  its  orbit  in  half  its  periodical  time  : but  in  half  its  period- 
ical time,  it  will  have  revolved  half  round  its  axis,  therefore  at  P,  d s will  again  be  perpendicular 
to  Tc,  and  dxs  will  again  be  the  vifible  hemifphere.  The  reverfe  wall  take  place  in  palling 
from  P to  A through  D,  when  lb  will  again  be  the  circle  of  the  dife,  and  s will  be  within  it. 

PROP.  LXXXI.  The  moon  revolves  about  its  axis  in  the  fame  time 
in  which  it  revolves  about  the  earth,. 

Without  fuch  a revolution,  the  phenomena  of  its  librations  could  not  happen.  If  the  point 
A W'ere  vifible  in  one  part  of  the  moon’s  orbit,  it  would  be  always  vifible,  without  a rotation 
about  an  axis  oblique  to  the  plane  of  the  orbit,  to  produce  an  apparent  motion  of  the  point 
A,  or  the  libration  of  latitude.  If  ds  v/ere  perpendicular  to  cT,  when  the  moon  is  at  A,  it 
would  be  fo  in  every  other  part  of  the  orbit;  and  therefore  dxs  would  always  be  the  illumi- 
nated hemifphere,  if  there  were  not  a revolution  about  the  axis  to  produce,  in  the  manner 
above  explained,  the  libration  of  longitude.  Thefe  librations  therefore  prove  the  exiftence  of 
this  revolution  : and  it  has  been  fliewn,  that  if  there  be  fuch  a revolution,  its  periodical  time 
is  the  fame  with  that  of  the  moon  in  its  orbit. 

f 

Cor.  Hence  it  is  evident,  that  one  half  of  the  moon  is  never  in  darknefs  ; the  earth  (Prop. 
LXXIV.  Cor.)  conltantly  affording  it  a llrong  light,  during  the  abfence  of  the  fun : but  the 
other  half  has  a fortnight’s  light  and  darknefs  by  turns. 

PROP.  LXXXII.  The  orbit  of  the  moon  is  an  ellipfe. 

It 
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It  is  only  on  this  fuppofition  that  the  libration  of  longitude  can  be  explained  : from  this 
phenomenon,  therefore,  the  elliptical  form  of  the  orbit  may  be  inferred. 

Schol.  The  moon  revolves  about  the  earth  in  an  ellipfe,  and  with  the  earth  revolves 
about  the  fun.  In  Fig.  14,  Plate  2,  the  broad  curve  line  ABCDE  reprefents  as  much  of  the 
earth’s  annual  orbit  as  it  defcribes  in  32  days,  which  are  marked  with  numeral  figures.  The 
i'mall  circles  at  0,  b , c , d,  e,  (hew  the  moon’s  orbit  in  proportion  to  that  of  the  earth,  and  the  nar- 
row curve  abcdef  reprefents  the  moon’s  path  in  the  heavens,  or  with  refpeCt  to  the  fun,  for 
32  days,  reckoning  from  a new  moon  at  a. 

The  earth  being  fuppofed  to  move  from  A,  and  the  new  moon  at  the  fame  time  from  a ; 7 
days  afterward  the  earth  will  be  at  B,  and  the  moon  in  quadrature  at  b ; when  the  earth  is  at 
C,  the  moon  is  full  at  c when  the  earth  is  at  D,  the  moon  is  in  quadrature  at  d ; and  when 
the  earth  is  at  E,  the  moon  is  again  nevv,  or  in  conjunction  at  e. 

From  this  figure  it  appears,  that  the  moon’s  path  is  always  concave  toward  the  fun.  For, 
if  we  fuppofe  the  concavity  of  the  earth’s  orbit  to  be  meafured  by  the  length  of  a perpendic- 
ular C g,  falling  from  the  place  of  the  earth  at  C,  when  the  moon  is  full,  on  the  right  line 
bgd,  connecting  the  places  of  the  earth  at  the  end  of  the  firft  and  third  quarters  of  the  moon, 
the  length  of  the  perpendicular  will  be  about  640000  miles  ; when  the  moon  is  new,  it  is 
about  240000  miles  nearer  to  the  fun  than  the  earth  is ; therefore  the  length  of  a perpendic- 
ular from  its  place  at  that  time  on  the  fame  right  line  will  be  about  400000  miles,  and  {hews 
the  concavity  of  that  part  of  the  path. 

PROP.  LXXXIII.  The  moon’s  furface  is  irregular. 

If  the  lurface  were  every  where  regular,  the  limit  between  the  enlightened  and  dark  parts 
of  the  difc  being  the  circle  of  light,  that  is  a perfeCt  great  circle  of  a fphere,  would  be  ex- 
actly defined  when  the  moon  is  horned,  half  enlightened,  or  gibbous,  contrary  to  obfervation. 

Schol.  The  face  of  the  moon,  as  feen  through  a telefcope,  appears  diverfified  with  hills 
and  valleys.  This  is  proved  by  viewing  her  at  any  other  time  than  when  fhe  is  full } for  then 
there  is  no  regular  line  bounding  light  and  darknefs  •,  but  the  edge  or  border  of  the  moon  ap- 
pears jagged  : and  even  in  the  dark  part  near  the  borders  of  the  lucid  furface  there  are  feen 
fome  fmall  fpaces  enlightened  by  the  fun’s  beams. 

Befides,  it  is  moreover  evident,  that  the  fpots  in  the  moon  taken  for  mountains  and  valleys, 
are  really  fuch  from  their  (hadows.  For  in  all  fituations  of  the  moon,  the  elevated  parts  are 
conftantly  found  to  caft  a triangular  fhadow  in  a direction  from  the  fun  } and  the  cavitievs  are 
always  dark  on  the  fide  next  to  the  fun,  and  illuminated  on  the  oppofite  fide.  Hence  aftron- 
omers  are  enabled  to  find  the  height  of  the  lunar  mountains.  Dr.  Keil,  in  his  Aftronomical 
LeClures,  has  calculated  the  height  of  St.  Catherine’s-hill  to  be  nine  miles.  Since,  however, 
the  loftiefl  mountains  upon  the  earth  are  but  about  three  miles  in  height,  it  has  been  long 
confidered  as  very  improbable  that  thofe  of  a planet  fo  much  inferior  in  fize  to  the  earth 
fliould  exceed  in  fuch  vafl  proportion  the  higheft  of  our  mountains. 

By  the  obfervations  of  Dr.  Herfchel,  made  in  November,  1779,  and  the  four  following 
months,  we  learn,  that  the  altitude  of  the  lunar  mountains  has  been  very  much  exaggerated. 
H is  obfervations  were  made  with  great  caution,  by  means  of  a Newtonian  refleCtor,  6 feet  8 
inches  long,  and  with  a magnifying  power  of  222  times,  determined  by  experiment}  atid  the 
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method  whiqh  he  made  ufe  of  to  afeertain  the  altitude  of  thofe  mountains,  which,  during  that 
time,  he  had  an  opportunity  of  examining,  feems  liable  to  no  objection.  The  rock  fituated 
near  Lactis  tiiger,  was  found  to  be  about  one  mile  in  height,  but  none  of  the  other  mountains, 
which  he  meafured,  proved  to  be  more  than  half  that  altitude  ; and  Dr.  Iierfchel  concludes, 
that  with  a very  few  exceptions,  the  generality  of  the  lunar  mountains  do  not  exceed  half  a 
mile  in  their  perpendicular  elevation.  See  Keil’s  Aftron.  Ledt.  x.  Phil.  Tranf.  Vol.  lxx. 

To  Dr.  Herfchel  alfo  we  are  indebted  for  an  account  of  feveral  burning  volcanoes,  which 
he  faw  at  different  times  in  the  moon.  In  the  77th  vol.  of  the  Phil.  Tranf.  he  fays,  April  19, 
10  hours,  36  minutes  fidereal  time,  “ I perceive  three  volcanoes  in  different  places  of  the  dark 
part  of  the  new  moon.  Two  of  them  are  nearly  extin £t  ; or,  otherwife,  in  a ftate  of  going 
to  break  out,  which  perhaps  may  be  decided  next  lunation.  The  third  fhows  an  adtual  erup- 
tion of  fire,  or  luminous  matter.”  On  the  next  night,  Dr.  Herfchel  faw  the  volcano  burn 
with  greater  violence  than  on  the  preceding  evening.  He  confidered  the  eruption  to  refembls 
a fman  piece  of  burning  charcoal  when  it  is  covered  by  a thin  coat  of  white  allies,  which 
frequently  adhere  to  it,  when  it  has  been  fome  time  ignited,  and  it  had  a degree  of  brightnefs. 
about  as  ftrong  as  that  with  which  fuch  a coal  would  be  feen  to  glow  in  faint  day  light.  It 
is  not  yet  determined  whether  there  is  an  atmofphere  belonging  to  the  moon.  The  queltion  is 
fully  difeufled  in  the  Encyclo.  Brit.  Vol.  II.  p.  457,  &c.  See  alfo  Phil.  Tranf.  for  the  year  1 792-. 

SECT.  II.-— Of  Eclipses. 

Def.  LV.  An  Eclipfe  of  the  Moon  happens  when  the  earth,  palling 
between  the  fun  and  moon,  calls  its  fhadow  on  the  moon. 

PROP.  LXXXIV.  The  moon  can  only  be  eclipfed  at  the  full,  or  in 
oppofition. 

For  it  is  only  when  the  moon  is  in  oppofition  that  it  can  come  within  the  fhadow  of  the 
earth,  which  mufl  always  be  on  that  fide  of  the  earth  which  is  from  the  fun. 

PROP.  LXXXV.  The  moon  can  only  be  eclipfed  when,  at  the  full,, 
it  is  in  or  near  one  of  its  nodes.. 

The  earth  being  in  the  plane  of  the  ecliptic,  the  centre  of  its  fhadow  is  always  in  that 
plane  ; if  therefore  the  moon  be  in  its  nodes,  that  is,  in  the  plane  of  the  ecliptic,  the 
fhadow  of  the  earth  will  fall  upon  it  : alfo,  fince  this  fhadow  is  of  confiderable  breadth,  it 
is  partly  above  and  partly  below  the  plane  of  the  ecliptic  ; if  therefore  the  moon  in  oppofi- 
tion be  fo  near  one  of  its  nodes,  that  its  latitude  is  lefs  than  half  the  breadth  of  the  fhadow, 
it  will  be  eclipfed.  But,  becaufe  the  plane  of  the  moon’s  orbit  makes  an  angle  of  more  than 
5 degrees  with  the  plane  of  the  ecliptic,  it  will  frequently  have  too  much  latitude  at  its  oppo- 
fition  to  come  within  the  fhadow  of  the  earth. 

PROP.  LXXXVI.  The  fun  is  larger  than  the  earth,  and  the  fhadow 
of  the  earth  is  a cone,  the  bafe  of  which  is  on  the  furface  of  the  earth. 

If 
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If  t]ie  earth  were  larger  than,  or  equal  to,  the  fun,  it  is  manifeft,  that  its  fhadow  would 
either  perpetually  enlarge,  or  be  always  of  the  fame  dimenfion  •,  but  in  this  cafe,  the  fuperior 
planets  would  fdmetlnits  come  within  it,  and  be  eclipfed,  which  never  happens.  'Therefore 
the  fun  is  larger  than  the  earth,  and  produces  a fhadow  from  the  earth  of  a conical  form, 
which  does  not  extend  to  the  orbit  of  Mars. 
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PROP.  LXXXVII.  The  moon  is  eclipfed  by  a fe&ion  of  the  earth’s 
fhadow. 


Let  CDE  be  the  earth,  CME  the  cone  of  its  fhadow,  and  FH  a part  of  the  moon’s  orbit  Plate  to. 
palling  through  the  fhadow  ; it  is  manifeft  that  as  the  moon  defcribes  this  part  of  its  orbit,  it  F:s'  7 
paifes  through  the  circular  fedtion  FGFIL. 

Def.  LVI.  • The  moon’s  Horizontal  Parallax , is  the  angle  which  a 
femidiameter  of  the  earth  would  fubtend,  if  it  were  viewed  dire&ly  from 
the  moon. 

L E M M A... 


Half  the  angle  of  the  cone  of  the  earth's  fmdow  may  be  taken  as  equal  to 
the  angle  of  the  fun  s apparent  femidiameter... 

*v 

Let  AFBG  be  the  fun,HED  the  earth,  HMD  or  BMA  the  angle  of  the  cone  of  the  earth’s  piate  (0. 
fhadow,  and  CMD  half  this  angle.  SA,  a femidiameter  of  the  fun,  drawn  from  its  centre  to  FiS-  6- 
the  point  of  contact  of  the  tangent  AM,  is  perpendicular  (El.  III.  16.)  to  AM,  and  is  therefore 
feen  directly  from  D ; and  it  fubtends  the  angle  SDA  it  muft  therefore  appear  large  in  pro- 
portion to  the  magnitude  of  this  angle.  But  in  the  triangle  SDM,  the  external  angle  SDA 
is  equal  to  the  two  angles  CSD,  CMD  ; of  which,  CSD,  the  angle  in  which  the  femidiameter 
of  the  earth  is  viewed  from  the  fun,  is  fo  fmall,  that  without  any  fenfible  error  it  may  he 
reckoned  as  nothing,  and  SDA  be  faid  to  be  equal  to  SMD. 


PROP.  LXXXVIII.  The  femidiameter  of  the  fection  of  the  earth’s 

" * **  J ( 

fhadow  which  eclipfes  the  moon,  is  equal  to  the  difference  between  the 
horizontal  parallax  of  the  moon,  and  the  fun’s  apparent  femidiameter. 


CT,  being  a femidiameter  of  the  earth  drawn  from  the  point  of  contact  of  the  tangent 
CM,  is  perpendicular  to  CM.  CT  will  therefore  be  feen  directly,  from  the  point  F in  the 
moon’s  orbit,  fubtending  the  angle  CFT,  which  is  ( Def.  LVI.  ) the  moon’s  horizontal 
parallax.  FMG  is  the  fcmiangle  of  the  cone  of  the  earth’s  fhadow,  equal  to  the  angle  of 
the  fun’s  apparent  femidiameter,  becaufe  MC  produced  would  be  a tangent  to  the  circle  of 
the  fun’s  difc.  FG  is  the  femidiameter  of  the  fcdtion  FGHL  of  the  earth’s  fhadow  through 
which  the  moon  paflcs  in  an  eclipfe  ; and  FTG  the-  angle  which  this  femidiameter  will 
fubtend  when  it  falls  upon  the  moon,  and  is*  viewed  from  the  earth.  Now  the  angle  CFT 
is  equal  to  the  two  angles  FMG,  FTG,  (El.  I.  32.)  conlequcntly,  FTG  is  equal  to 
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CFT — FMG  ; but  by  the  preceding  Lemma,  FIViT  may  be  taken  for  the  angle  of  the 
fun’s  apparent  femidiameter  ; and  CFT  is  the  moon’s  horizontal  parallax  : whence  the  Prop- 
ofition  is  manifefi:. 

Cor.  Hence  the  feetion  of  the  earth’s  (liadow,  by  which  the  moon  is  eclipfed,  is  broader 
than  the  moon  ; for  the  femidiameter  of  the  fhadow,  by  this  Prop,  is  6 1' — 16'  —45'.  and  the 
diameter  of  the  moon  is  about  3 1'. 

Def.  LVII.  An  eclipfe  of  the  moon  is  partial , when  only  a part  of 
its  difc  is  within  the  fhadow  of  the  earth  ; it  is  totals  when  all  its  difc 
is  within  the  fhadow  ; and  it  is  central , when  the  centre  of  the  earth’s 
fhadow  falls  upon  the  centre  of  the  moon’s  difc. 

PROP.  LXXX1X.  The  moon,  at  the  full,  will  not  be  eclipfed,  if 
its  latitude  is  equal  to,  or  greater  than,  thefumof  its  own  femidiameter, 
added  to  the  femidiameter  of  the  earth’s  fhadow. 

Becaufe  a circle  or  ellipfe  appears  as  a right  line  when  the  eye  is  in  the  fame  plane  with 
it,  let  OO  reprefent  the  plane  of  the  ecliptic,  RR  the  plane  of  the  moon’s  orbit,  and  N 
the  node.  At  the  full  moon,  if  the  earth’s  fhadow  be  at  A,  the  moon  F muft  be  in  the 
fame  part  of  the  heavens,  becaufe  it  is  in  oppofition.  But  becaufe  only  one  half  of  the 
fhadow  of  the  earth,  or  about  45L  is  on  the  fame  fide  of  the  ecliptic  with  the  moon,  and 
only  one  half  of  the  moon’s  breadth,  or  about  16'.  is  on  the  fide  of  its  orbit  towards  the 
earth’s  fhadow  -,  if  the  centre  of  the  moon  is  more  than  6\'.  from  the  centre  of  the  fhadow, 
the  moon  will  pafs  clear  of  the  fhadow,  and  will  not  be  eclipfed. 

Let  GE  be  an  arc  of  the  moon’s  orbit,  AB  an  arc  of  the  ecliptic,  and  Cc  an  arc  in  a 
fecondary  of  the  ecliptic  equal  to  the  moon’s  latitude.  If  this  arc  be  equal  to,  or  greater 
than,  Ct  and  cl,  the  fum  of  the  femidiameters  of  the  earth’s  fhadow,  and  of  the  moon,  it  is 
manifefl  that  the  fhadow  cannot  pafs  over  any  pait  of  the  moon’s  difc. 

PROP.  XC.  The  moon,  at  the  full,  will  be  partially  eclipfed,  if  its 
latitude  is  lefs  than  the  fum,  but  greater  than  the  difference,  of  its  own  fe- 
midiameter and  that  of  the  earth’s  fhadow. 

If  Cc  the  latitude  of  the  moon  be  fuppofed  lefs  than  Ct,  cl,  the  fum  of  the  femidiameters 
of  the  fhadow  and  the  moon,  / the  lower  edge  of  the  moon  will  be  below  t the  upper  edge 
of  the  fhadow ; whence  the  fide  of  the  moon  towards  the  ecliptic  will  be  eclipfed.  But, 
becaufe  Cc  the  moon’s  latitude,  added  to  co  its  femidiameter,  is  greater  than  Ct  the- femi- 
diameter of  the  earth’s  fhadow,  the  upper  edge  of  the  moon  0 , cannot  come  within  the 
fhadow  ; whence  the  eclipfe  will  be  partial.  And  becaufe  in  this  cafe  the  moon’s  latitude, 
together  with  its  femidiameter,  is  greater  than  the  femidiameter  of  the  fhadow,  the  moon’s 
latitude  is  greater  than  the  difference  of  the  femidiameters  of  the  fhadow  and  the  moon  : or, 
becaufe  Cc-\-co  is  greater  than  Ct,  Cc  is  greater  than  Ct — co. 
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PROP.  XCI.  The  moon  will,  at  the  full,  be  totally  eclipfed,  if  its  lati- 
tude is  lefs  than  the  difference  between  its  own  femidiameter,  and  that  of 
the  earth’s  fhadow. 

jf  qc _i_f3  be  lefs  than  Ct,  that  is,  if  C c be  lefs  than  Ct — cl,  the  upper  edge  of  the  *ioon  Fig.  9. 
may  come  within  the  fliadow  of  the  earth. 

PROP.  XCII.  The  moon  is  centrally  eclipfed,  only  when,  in  opposi- 
tion, it  is  in  one  of  its  nodes* 

The  node  N,  being  the  common  interfedlion  of  the  moon’s  orbit,  and  the  plane  of  the  eclip- 
tic, is  in  both.  Therefore  when  the  moon  is  in  the  node,  its  centre  is  in  the  plane  of  the 
ecliptic,  in  which  is  the  centre  of  the  earth’s  fliadow,  and  confequently  at  the  full  thefe  cen- 
tres coincide. 

Schol.  1.  Both  the  moon  and  the  fliadow  moving  from  eaft  to  weft,  the  moon  woulcT 
always  be  in  eclipfe  while  it  was  at,  or  near,  its  nodes,  if  it  moved  with  the  fame  velocity 
as  the  earth  : but  becaufe  it  moves  much  fafter  than  the  fliadow  of  the  earth,  it  foon  pafl’es 
firom  its  oppofition  out  of  the  fliadow. 

Schol.  2.  The  femiangle  of  the  cone  of  the  earth’s  fliadow  being  known,  the  length  of 
the  fliadow  may  be  found. 

The  femiangle  CMT  being  equal  to  the  fun’s  apparent  femidiameter,  or  about  i6/.  and.  Plate  10. 
CT  a femidiameter  of  the  earth  being  perpendicular  to  the  tangent  CM,  if  TM  be  radius,  FlS-7- 
CT  is  the  fine  of  the  angle  CMT.  Therefore  as  the  fine  of  an  angle  of  16'.  is  to  radius, 
fo  is  CT  to  TM,  the  height  of  the  cone  ; that  is,  as  1 to  217,  Whence  the.  length  of  the 
fliadow  is  about  217  femidiameters  of.  the  earth. 

PROP.  XCIIL  The  moon  in  a total  eclipfe,  is  not  wholly  invifible. 

This  is  known  by  obfervation  ; and  the  phenomenon  is  produced  by  the  refledion  of  rays' 
of  light  falling  upon  the  earth’s  atmofphere,  towards  the  fliadow,  and  confequently  towards 
the  moon  in  the  fliadow. 

Def.  LVIII.  An  Eclipfe  of  the  Sun  happens  when  the  moon,  paffing 
between  the  fun  and  the  earth,  intercepts  the  fun’s  light. 

PROP.  XCIV.  The  fun  can  only  be  eclipfed  at  the  new  moon. 

For  it  is  only  when  the  moon  is  in  conjunction,  that  it  can  pafs  directly  between  the  fun 
and  the  earth. 

PROP.  XCV.  The  fun  can  only  be  eclipfed,  when  the  moon,  at  its 
conjun&ion,  is  in  or  near  one  of  its  nodes. 


Tor 


ic)6  OF  ASTRONOMY,  Book  VII.  Part  I. 

For  unlefs  the  moon  is  in  or  near  one  of  its  nodes,  it  cannot  appear  in  or  near  the  fame 
plane  with  the  fun  ; without  which  it  cannot  appear  to  us  to  pafs  over  the  difc  of  the  fun. 
At  every  other  part  of  its  orbit,  it  will  have  fo  much  northern  or  fouthern  latitude,  as  to 
appear  either  above  or  below  the  fun.  If  the  moon  be  in  one  of  its  nodes,  having  no  lati- 
tude, ^t  will  cover  the  whole  difc  of  the  fun,  and  produce  a total  eclipfe , except  when  its 
apparent  diameter  is  lefs  than  that  of  the  fun  : if  it  be  near  one  of  its  nodes,  having  a fmall 
degree  of  latitude,  it  will  only  pafs  over  a part  of  the  fun’s  difc,  or  the  eclipfe  will  be  partial. 

PROP.  XCVI.  In  a total  eclipfe  of  the  fun,  the  fhadow  of  the  moon 
falls  ypon  that  part  of  the  earth  where  the  eclipfe  is  feen. 

Plate  io.  Let  SL  be  the  fun,  TR  the  moon,  VM  a part  of  the  furface  of  the  earth.  A fpe£lator 
n'  placed  any  where  between  V and  M,  will  not  fee  any  part  of  the  fun,  becaufe  the  moon 

will  intercept  all  the  rays  of  light  which  come  to  him  diredlly  from  the  fun  ; and  it  is 
manifeft,  that,  in  this  fituation,  the  moon,  being  an  opaque  body,  will  call  its  fhadow  upon 
VM,  the  part  of  the  earth  where  the  eclipfe  is  total. 


PROP.  XCVII.  The  fhadow  of  the  moon  is  a cone,  terminated  in  a 
point. 

Becaufe  (by  Pi-op.  LXXXVlII.  Cor.)  the  diameter  of  the  moon  is  lefs  than  the  diameter 
of  the  earth’s  fhadow,  where  it  eclipfes  the  moon,  and  this  diameter  (by  Prop.  LXXXVI.) 
is  lefs  than  the  diameter  of  the  earth,  the  diameter  of  the  moon  is  much  lefs  than  that  of 
the  fun  : confequently,  its  fhadow  wiil  be  a cone,  terminated  in  a point.  The  tangents 
LAR,  SAT,  terminate  in  A ; and  only  the  rays  that  would  pafs  within  thefe  tangents  are 
intercepted  by  the  moon  ; therefore ’R  f A is  the  form  of  the  moon’s  fhadow. 


LEMMA.  Half  the  angle  of  the  cone  of  the  moon  s foadow  is  equal  to 
the  angle  of  the  apparent  femidiameter  of  the  fun. 

Plate  io.  Let  FBGA  be  the  fun  ; RED  the  moon  ; the  cone  HMD  the  moon’s  fhadow  : CMD  the 
■ femiangle  of  this  cone  ; SA  the  femidiameter  of  the  fun,  and  SDA  the  angle  which  this 

femidiameter  would  fubtend,  if  viewed  from  D.  It  may  be  proved,  as  in  Prop.  LXXXVIli. 
Lemma,  that  CMD  is  equal  to  SDA  5 for  the  diftance  of  the  moon  from  the  fun  is  fo  nearly 
equal  to  that  of  the  earth  from  the  fun,  that  the  apparent  femidiameter  of  the  fun,  as  feen 
from  the  earth  or  moon,  maybe  confidered  as  equal. 


Plate  10. 
l ig.  7. 


PROP.  XCVIII.  A femidiameter  of  the  moon’s  fhadow,  where  it  falls 
upon  the  earth,  is  equal  to  the  difference  between  the  apparent  feinidiarhe- 
ters  of  the  moon  and  fun. 


Let  CDE  reprefent  the  moon,  CM t the  cone  of  its  fhadow ; FG  the  femidiameter  of  the 
moon’s  fhadow  where  it  falls  upon  the  earth  in  a folar  eclipfe  ; CT  the  femidiameter  of  the 
moon,  CFT  its  angle  viewed  from  F,  and  FTG  the  angle  of  the  apparent  femidiameter  of  the 
moon’s  fhadow  viewed  from  T. 
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In  the  triangle  TFM,  the  external  angle  TFC  (El.  I.  32.)  is  equal  to  the  two  angles  FTG, 
FAiG  Therefore  FTG  is  equal  to  the  difference  between  TFC  and  FMG  : and  FMG  is 
(by  the  preceding  Lemma)  equal  to  the  angle  of  the  fun’s  apparent  femidiameter,  and  TFC  is 
die  angle  of  the  moon’s  apparent  femidiameter  : whence  the  Proportion  is  manifeft. 

PROP.  XCIX.  In  a partial  eclipfe  of  the  fun,  a penumbra , or  imperfect 
fhadow  of  the  moon,  falls  upon  that  part  of  the  earth  where  the  partial 
eclipfe  is  feen. 

A fpe£tator  at  N,  or  P,  might  fee  the  whole  fun  j for  a ray  paffmg  from  the  moPt  1 emote 
fide  of  the  fun,  S or  L,  would  not  be  intercepted  by  the  moon.  But  at  any  point  in  NM;  VP, 
the  fpaces  between  the  moon’s  fhadow  and  the  points  N,  P,  the  fpeftator  would  only  fee  a 
part  of  the  fun  : thus  at  G,  or  D,  he  would  fee  that  half  of  the  fun  which  lies  without  the 
tangents  DRC,  GTC  : confequently,  in  all  places  between  the  points  N,  M,  and  P,  V,  there 
will  be  lefs  light  from  the  fun,  than  if  it  were  not  at  all  echpfed.  I his  deficiency  of  light  is 
called  the  moon’s  penumbra. 


PROP.  C.  The  moon’s  penumbra  is  an  increafing  cone,  and  its  dark-? 
nefs  increafes  towards  the  fhadow  of  the  moon, 

While  a fpectator  is  in  the  fpace  between  N and  M,  or  P and  V,  he  is  in  the  penumbra  ; 
but  at  the  points  N,  P,  paffes  out- of  it.  Therefore  the  tangents  NS,  PL,  are  the  limits  of  the 
penumbra.  If  tangents  be  fuppofed  drawn  round  the  fpherical  furfaces  of  the  fun  and  moon, 
they  will  form  two  cones,  having  their  common  vertex  at  F,  and  increafing,  the  one  towards 
the  points  L,  S,  the  other  towards  the  points  N,  P.  And  as  the  fpe&ator  moves  from  N 
towards  M,  or  from  P towards  V,  a greater  and  greater  portion  of  the  fun  continually  becomes 
invifible  to  him  ; whence  the  penumbra  increafes  in  darknefs  towards  M and  V. 


PROP.  CL  The  femiangle  of  the  moon’s  penumbra  is  equal  to  the 
angle  of  the  fun’s  apparent  femidiameter. 

Let  SL  be  the  fun,  and  TR  the  moon.  By  Prop.  C.  the  tangents  SFN,  LFP,  terminate 
the  cone  of  the  penumbra.  CE,  drawn  from  the  centre  of  the  fun  to  that  of  the  moon,  bifefts 
TFR,  the  angle  of  this  cone  ; whence  EFT  is  its  femiangle.  LC  being  the  femidiameter  of 
the  fun,  LTC  is  the  angle  under  which  this  femidiameter  would  appear  from  the  moon  T. 
I fay,  TFE  is  equal  to  LTC.  For,  in  the  triangle  TCF,  the  external  angle  EFT  is  equal  to  the 
two  internal  and  oppofite  angles  FTC,  FCT,  that  is,  to  the  two  angles  LTC,  TCE.  Therefore 
EFT  is  equal  to  LTC,  TCE.  But  TCE,  being  the  angle  which  the  moon’s  femidiameter 
would  fubtend,  if  viewed  from  the  fun,  is  fo  fmall  that  it  may  be  neglected  ; whence  EFT 
may  be  confidered  as  equal  to  LTC. 


PROP.  CII.  The  femidiameter  of  the  moon’s  penumbra,  in  that  part 
through  which  the  earth  paffes  in  an  eclipfe  of  the  fun,  is  equal  to  the  fum 

of  the  apparent  femidiameters  of  the  fun  and  moon, 
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Let  CD  be  the  moon,  CDAB  its  penumbra,  and  CMD  the  angle  of  the  cone  of  the 
penumbra  : and  let  AEBF  be  the  fedtion  of  the  penumbra  through  which  the  earth  pafles 
in  an  eclipfe  of  the  fun,  AB  its  diameter/;  and  AT  its  femidiameter.  MLT  drawn  from  the 
vertex  through  the  centre  of  the  moon,  will  bifed  the  angle  CMD.  Therefore  (by  Prop.  Cl.) 
CML  the  femiangle  of  the  penumbra  is  equal  to  the  fun’s  apparent  femidiameter.  And  CL 
is  the  moon’s  apparent  femidiameter,  as  feen  from  the  earth  A,  fubtending  the  angle  CAL  ; 
and  AT  the  femidiameter  of  the  penumbra,  feen  from  L,  fubtends  the  angle  ALT. 
Now  the  angle  ALT  is  equal  to  the  two  angles  CML,  CAL  ; whence  the  truth  of  the  Prop- 
ortion is  manifeft. 

Def,  LIX.  The  difc  of  the  earth,  is  that  hemifphere  of  the  earth, 
which  is  feen,  as  a circle,  from  the  moon. 

PROP.  CIII.  At  the  new  moon  the  whole  difc  of  the  earth  is  en- 
lightened. 

For,  the  moon  being  then  between  the  fun  and  the  earth,  the  earth  viewed  from  the  moon, 
will  appear  in  oppofition,  and  confequently  its  enlightened  hemifphere  will  be  towards  the 
moon. 

PROP.  CIV.  The  femidiameter  of  the  earth’s  difc,  is  equal  to  the 
moon’s  horizontal  parallax. 

The.  moon’s  horizontal  parallax  is  the  apparent  femidiameter  of  the  earth,  as  viewed  from 
the  moon,  that  is,  it  is  equal  to  the  femidiameter  of  the  difc,  fince  the  difc  is  a hemifphere  of 
the  earth  viewed  from  the  moon. 

PROP.  CV.  If  the  latitude  of  the  moon,  when  new,  is  equal  to,  or 
greater  than,  the  fum  of  the  femidiameter  of  the  penumbra  and  the  moon’s 
horizontal  parallax,  there  will  be  no  eclipfe  of  the  fun  ; if  lefs,  there  will 
be  an  eclipfe,  either  partial,  or  total. 

Let  ACB  be  a part  of  the  ecliptic  ; let  GNE  be  the  plane  of  the  moon’s  orbit ; let  N be 
the  node,  DL  the  earth’s  difc,  and  ol  a fedtion  of  the  moon’s  penumbra.  Becaufe  the  centre 
of  the  moon’s  penumbra  is  always  in  a right  line  palling  through  the  centres  of  the  fun  and 
the  moon,  the  diltance  of  cy  the  centre  of  the  moon’s  penumbra,  from  the  plane  of  the  eclip- 
tic mult  always  be  the  fame  with  the  diltance  of  the  centre  of  the  moon  from  the  fame  plane, 
that  is,  with  the  latitude  of  the  moon.  And  becaufe  the  centre  of  the  earth,  or  the  earth’s 
difc  C,  is  in  the  ecliptic,  C c the  diltance  between  the  centres  of  the  penumbra  and  of  the 
earth’s  difc,  is  always  equal  to  the  latitude  of  the  moon.  Now,  if  C c,  or  the  latitude  of  the 
moon,  be  equal  to,  or  greater  than,  cl  the  femidiameter  of  the  penumbra,  together  with  tC 
the  femidiameter  of  the  earth’s  difc,  or  the  moon’s  horizontal  parallax,  then  no  part  of  the 
penumbra  will  fall  upon  the  difc,  that  is,  there  will  be  no  eclipfe.  If  C c the  latitude  of  the 
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moon  be  lefs  than  rC-f  lc,  the  edge  of  the  penumbra  will  be  nearer  the  ecliptic  than  the  edge 
of  the  difc,  and  there  will  be  a partial  eclipfe.  And  if  C c be  lefs  than  C t,  die  fhadow  of  the 
moon  will  pafs  over  fome  part  of  the  difc  of  the  earth,  and  where  this  happens,  the  eclipfe 
will  be  total, 

PROP.  CVI.  If  the  moon,  when  new,  is  in  one  of  its  nodes,  the 
eclipfe  of  the  fun  will  be  central. 

For  then  the  centres  of  the  earth,  fun,  and  moon,  being  all  in  the  plane  of  the  ecliptic,  the 
centre  of  the  moon  will  pafs  between  the  fun’s  centre,  and  that  of  the  earth. 

Schol.  r.  The  penumbra  of  the  moon  in  a central  eclipfe,  will  not  cover  the  whole  difc 
of  the  earth. 

The  femidiameter  of  the  moon’s  penumbra,  being  equal  to  the  fum  of  the  apparent  femidi- 
ameters  of  the  fun  and  moon,  that  is,  about  16'.  23".+  15'.  37".  or  32'.  at  the  medium  ; its 
diameter  is  about  64'. ; whereas  the  diameter  of  the  earth’s  difc  is  about  1 20'.  whence  the  pe- 
numbra  cannot  cover  the  whole  difc. 

Schol.  2.  The  height  of  the  fhadow  of  the  moon  is  about  6o|  femidiameters  of  the  earth. 
The  femiangles  of  the  earth’s  fhadow,  and  of  the  moon’s  fhadow,  being  each  equal  to  the 
fun’s  apparent  femidiameter,  the  angles  are  equal  to  one  another,  and  thefe  cones  are  fimilar. 
Therefore  as  the  femidiameter  of  the  bafe  of  the  earth’s  fhadow  (that  is,  of  the  earth)  is  to 
the  femidiameter  of  the  bafe  of  the  moon’s  fhadow,  (that  is,  of  the  moon)  fo  is  the  height  of 
the  earth’s  fhadow  to  the  height  of  the  moon’s  fhadow.  Now  the  femidiameter  of  the  earth 
is  to  that  of  the  moon  nearly  as  100  to  28,  and  the  height  of  the  earth’s  fhadow  is  about  217 
femidiameters  of  the  earth  : whence  the  height  of  the  moon’s  fhadow  is  equal  to  about  6o\  fe- 
midiameters of  the  earth  5 for  100  : 28  : : 217  : 60^  nearly. 

Def.  LX.  An  eclipfe  of  the  fun  is  faid  to  be  annular , when  at  the 
time  of  the  eclipfe,  a ring  of  the  fun  appears  round  the  edges  of  the  moon. 

t 1 

PROP.  CVII.  A central  eclipfe  of  the  fun  will  be  an  annular  one,  if 
the  diftance  of  the  moon  from  the  earth  at  the  time  of  the  eclipfe  be  great- 
er than  its  mean  diftance, 

SL  being  the  fun,  TR  the  moon,  TAR  the  moon's  fhadow,  and  EA  the  height  of  this 
fhadow,  which  is  about  6o\  femidiameters  of  the  earth  ; if  at  the  time  of  a central  eclipfe  PN 
is  a part  of  the  furface  of  the  earth,  thofe  who  live  in  the  parts  PV,  MN,  being  in  the  pe- 
numbra, will  (by  Prop.  XCIX.)  fee  a partial  eclipfe  ; and  thofe  who  live  between  V and  M, 
being  in  the  fhadow,  will  (by  Prop.  XCVl.)  fee  a total  eclipfe.  But  if  the  diftance  of  the 
moon  from  the  earth  be  equal  to  EA,  or  60^  femidiameters  of  the  earth,  (which  is  the  moon’s 
mean  diftance)  A will  be  the  only  point  from  which  the  eclipfe  will  appear  total.  And  if  the 
moon’s  diftance  be  greater  than  EA,  as  EO,  the  fhadow  not  reaching  die  earth,  there  will  be 
no  total  eclipfe.  Confequently,  though  a fpe&ator  at  O would  fee  a central  eclipfe,  (bccaufe 
the  centres  C,  E,  are  in  the  fame  line  with  die  point  of  vifion  S)  yet  the  eclipfe  would  not  be 

P P 2 total, 


Plate  ro, 
Fig.  ir. 


Book  VII.  Part  I. 


3°° 


Plate  io. 
Pig.  <). 


OF  ASTRONOMY. 

total,  becaufe  the  fpeftator  is  not  in  the  fliadow  of  the  moon.  Hence  it  muft  appear  annu- 
lar : for  let  ORX  be  a tangent  to  the  moon  drawn  from  the  eye  at  O j and  it  will  fall  upon 
the  fun  at  X,  and  the  part  XL  of  the  fun  will  be  villble  t in  like  manner  parts  of  the  fun 
equal  to  XL  will  be  vifible  all  round  the  moon,  forming  a ring. 

Cor.  Hence  it  appears,  that  in  an  annular  eclipfe  it  is  the  penumbra  of  the  moon  which 
falls  upon  the  earth. 

Def.  LXL  The  Lunar  ’Ecliptic  Limit , is  the  leaf!  diflance  that  the 
moon  can  be  at  from  one  of  its  nodes,  without  being  eclipfed  at  the  time 
of  oppofttion  : the  Solar  Ecliptic  Limit , is  the  lead  diftance  the  moon  can 
be  at  from  one  of  its  nodes,  without  eclipfmg  the  fun  at  the  time  of  con- 
junction. 

PROP.  CVIIX.  The  folar  ecliptic  limit  is  greater  than  the  lunar. 

By  Prop.  CV.  it  is  found,  that  92'.  is  the  lead  latitude  the  moon  can  have,  when  new, 
■without  eclipfmg  the  fun.  If,  therefore,  Nf  be  the  didance  of  the  moon  from  the  node,- 
when  its  latitude,  or  cC,  is  92'.  in  the  triangle  ON,  the  angle  cCN  being  a right  angle,  be-- 
caufe.rC  is  perpendicular  to  the  plane  of  the  ecliptic  ; the  angle  rNC  being  about  50.  30L  the 
inclination  of  the  moon’s  orbit  to  the  plane  of  the  ecliptic  ; and  the  fide  cC  being  92'.  Nr  will 
be  found  by  trigonometry  to  be  about  160.  In  the  fame  manner,  fuppofing  Cc  the  latitude 
of  the  moon  to  be  61'.  according  to  Prop.  LXXXIX.  the  length  of  the  fide  Nr,  or  the  lunar 
ecliptic  limit,  will  be  found  to  be  about  120.  Whence  the  truth  of  the  Propofition  is  manifeft. 

Cor.  There  are  more  eclipfes  of  the  fun,  in  a courfe  of  years,  than  of  the  moon  j for,  the 
fun  will  be  eclipfed,  if,  when  the  moon  is  new,  it  is  within  1 6°.  of  one  of  the  nodes,  but  the 
moon  only  when  at  the  full  it  is  within  120.  of  one  of  the  nodes  ; the  fun  may  be  eclipfed 
while  the  moon  is  in  6.\  degrees  of  its  orbit,  but  the  moon  only  while  it  is  in  48  degrees  of 
its  orbit. 

Schol.  Every  eclipfe  of  the  moon  will  be  vifible,  if  the  moon  be  above  the  horizon  at  the 
time  of  the  eclipfe  ; becaufe  that  part  of  the  moon  on  which  the  fiiadow  of  the  earth  falls, 
mud  appear  obfcured  wherever  the  difc  of  the  moon  is  vifible.  But  the  fun  may  be  eclipfed, 
and  yet  the  eclipfe  be  invifible  in  places  to  which  the  fun  is  above  the  horizon,  becaufe  there 
can  be  no  eclipfe  of  the  fun,  except  in  thofe  parts  of  the  earth  which  are  within  the  (hadow 
or  penumbra  of  the  moon,  and  neither  of  thefe  are  large  enough  to  cover  the  whole  difc. 
Hence,  in  any  given  place,  more  eclipfes  of  the  moon  than  of  the  fun  will  be  feen  in  a courfe 
of  years  : for  though  there  are  more  eclipfes  of  the  fun  than  of  the  moon,  many  of  the  for- 
mer are  not  vifible  at  any  one  place  while  the  fun  is  above  the  horizon  ; but  all  the  latter 
are  vifible  at  the  fame  place  while  the  moon  is  above  the  horizon.* 

PROP.  CIX.  When  the  moon  is  near  the  firft  of  Aries,  and  is  moving 
towards  the  tropic  of  Cancer,  the  time  of  its  rifing  will  vary  but  little  for 
feveral  days  together.  If 

* For  the  calculation  and  projection  of  lunar  and  folar  eclipfes,  fee  the  Problems  immediately  preceding  the 
Tables  at  the. end  of  this  book. 
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If  the  moon  were  to  move  in  the  equator,  its  motion  in  its  orbit,  by  which  it  defcribes  a 
revolution,  in  refpedt  of  the  fun,  in  29  days  12  hours,  would  carry  it  every  day  eaftward  from 
the  fun  about  120  11'.  whence  its  time  of  rifing  would  vary  daily  about  50  minutes.  But, 
becaufe  the  moon’s  orbit  is  oblique  to  the  equator,  nearly  coinciding  with  the  ecliptic,  differ- 
ent parts  of  it  make  different  angles  with  the  horizon,  as  they  rife  or  fet,  thofe  parts  which 
rife  with  the  fmalleft  angles  fetting  with  the  greateft,  and  the  reverfe.  Now  the  lefs  this 
angle  is,  the  greater  portion  of  the  orbit  rifes,  in  the  fame  time.  Confequently,  when  the 
moon  is  in  thofe  parts  which  rife  or  fet  with  the  fmalleft  angles,  it  rifes  or  fets  with  the  leaft 
difference  of  time,  and  the  reverfe.  But  in  northern  latitudes,  the  fmalleft  angle  of  the 
ecliptic  and  horizon  is  made  when  Aries  rifes  and  Libra  fets,  and  the  greateft  when  Libra 
rifes  and  Aries  fets  ; and  therefore,  when  the  moon  rifes  in  Aries,  it  rifes  with  the  leaft  dif- 
ference of  time.  Now  the  moon  is  in  conjunction  in  or  near  Aries,  when  the  funis  in  or 
near  Libra,  that  is,  in  the  autumnal  months  *,  when,  the  moon  rifing  in  Aries,  whilft  the  fun  is 
fetting  in  Libra,  the  time  of  its  rifing  is  obferved  to  vary  only  two  hours  in  6 days  in  the 
latitude  of  London.  This  is  called  the  harveft  moon. 

Schol.  This  circumftance  takes  place  every  month  ; but  as  it  does  not  happen  at  the 
. time  of  full  moon,  there  is  no  notice  taken  of  it.  When  the  moon’s  right  afcenfion  is  equal 
to  fix  figns,  that  is,  when  fhe  is  in  or  about  the  beginning  of  Libra,  there  is  the  greateft  dif- 
ference of  the  times  of  rifing,  viz.  about  an  hour  and  15  minutes.  Thofe  figns  which  rife 
with  the  leaft  angle  fet  with  the  greateft,  and  the  contrary  ; therefore,  when  there  is  the  leaft 
difference  in  the  times  of  rifing,  there  is  the  greateft  in  fetting,  and  vice  verfa. 

The  following  table  {hews  the  daily  mean  difference  of  the  moon’s  rifing  and  fetting,  on 
the  parallel  of  London,  for  28  days  ; in  which  time  the  moon  finifhes  her  period  round  the 
ecliptic,  and  gets  9 degrees  into  the  fame  fign  from  the  beginning  of  which  fhe  fet  out.- 
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Exp.  Let  fmall  patches  be  placed  on  the  ecliptic  of  a globe,  as  far  from  one  another  as 
the  moon  moves  from  any  point  of  the  ecliptic  in  24  hours,  that  is,  about  13-i  degrees  j 
then,  while  the  globe  is  turned  round,  obferve  the  riling  and  fetting  of  the  patches  in  the 
horizon  ; the  hour  index  will  (hew  the  difference  of  time  at  which  the  moon  rifes  or  fets  in 
different  parts  of  its  orbit. 

CHAP.  VI. 

Of  the  satellites  of  JUPITER,  SATURN,  and  the  HERSCHEI* 

PLANET. 

PROP.  CX.  Any  fatellite  is  at  its  greateft  elongation  from  its  primary* 
when  a line  drawn  from  the  earth  through  the  fatellite,  is  a tangent  to  the 

orbit  of  the  fatellite. 

* 

Plaie  ro.  Let  FIE  be  a part  of  the  orbit  of  the  primary  planet  AXBT  the  earth’s  orbit,  S the  fun, 
KGNL  the  orbit  of  a fatellite.  If  the  earth  is  at  X,  and  the  fatellite  at  L or  N,  fo  that  a line 
XL  or  XN  drawn  from  the  earth,  is  a tangent  to  the  orbit  KGNL,  it  may  be  Ihewn,  as  be- 
fore concerning  the  planets,  that  L or  N is  the  greateft  elongation  of  the  fatellite. 

4 

PROP.  CXI.  Any  fatellite  appears  in  inferior  conjunction  with  its  pri- 
mary, when  the  fatellite  is  between  the  earth  and  the  primary,  and  in  fupe- 
rior  conjunction,  when  the  primary  is  between  the  fatellite  and  the  earth. 

If  the  earth  is  at  X,  and  the  planet  at  I,  the  outerrnoft  fatellite  will  be  in  conjunction  with 
its  primary  when  they  both  appear  in  the  fame  line  MIV,  and  in  its  inferior  conjunction  at 
M,  and  its  fuperior  at  V. 

PROP.  CXII.  The  apparent  motion  of  any  fatellite,  as  it  paffes  from 
its  greateft  elongation  on  one  fide  of  its  primary  through  the  fuperior  con- 
junction, to  its  greateft  elongation  on  the  other  fide,  is  direCt. 

As  the  fatellite  paffes  from  N,  its  greateft  elongation  on  one  fide,  through  V its  fuperior 
conjunction  to  L,  its  geocentric  motiop  is  from  weft  to  eaft,  or  in  confequentia , as  was  ihewn 
concerning  the  planets. 

PROP.  CXIII.  The  apparent  motion  of  any  fatellite,  as  it  paffes  from 
its  greateft  elongation  on  one  fide  of  its  primary  through  the  inferior  con- 
junction, to  its  greateft  elongation  on  the  other  fide,  is  retrograde. 

As  the  fatellite  paffes  from  L through  M to  N,  its  geocentric  motion  will  be  from  eaft  to 
weft,  or  in  antecedents , as  was  proved  concerning  the  planets. 
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Cor.  The  fatellites  are  fometimes  to  the  weft  and  fometimes  to  the  eaft  of  their  primaries. 

PROP.  CXIV.  The  greateft  elongations  of  a fatellite  on  each  fide  are 
equal. 

For  by  obfervation  it  is  found,  that  the  angles  LXI,  NXI,  are  equal  with  refpeCI  to  all 
the  fatellites. 

Cor.  Hence  it  appears  that  the  orbits  of  the  fatellites  are  circular,  or  nearly  fo,  having 
their  primaries  at  the  centre  of  their  orbits. 

Schol.  The  fatellites  move  round  the  primary  in  orbits,  that  are  nearly  circular ; but 
round  the  fun  in  curves  of  a different  kind.  Let  ABCDE,  & c.  to  T,  (Plate  15.  Fig.  1.)  be  piatc  r5< 
as  much  of  Jupiter’s  orbit  as  is  defcribed  by  that  planet  in  18  days.  Then  the  curves  a , b , c,  F'g-  *• 
d,  (according  to  Fergufon)  reprefent  the  paths  of  the  four  fatellites. 

If  we  fuppofe  Jupiter  to  move  from  A,  the  firft  fatellite  from  a,  the  fecond  from  £,  the 
third  from  c , and  the  fourth  from  d ; or  each  of  the  fatellites  from  the  point  of  conjun&ion 
with  the  fun,  as  feen  from  the  primary  ; then,  at  the  end  of  one  day,  Jupiter  will  be  at  B,  and 
the  fatellites  at  1,  in  their  refpe&ive  courfes.  At  the  end  of  the  fecond  day  Jupiter  will  be 
at  C,  and  the  fatellites  at  2 in  the  curves  they  reflectively  defcribe,  and  fo  on  ; the  capital 
letters  (hewing  Jupiter’s  place  in  its  path  at  the  end  of  each  day,  the  figure  under  each  of 
them  the  number  of  the  day,  and  the  like  figures  on  the  paths  of  the  fatellites,  their  places  at 
the  fame  time.  The  firft  fatellite  appears  to  be  ftationary  at  + near  C,  as  feen  from  the  fun  ; 
retrograde  from  + to  2,  at  2 ftationary  again  ; thence  direCt  till  beyond  3 ; twice  ftationary 
and  once  retrograde  between  3 and  4.  This  fatellite  interferes  its  own  path  every  42^  hours, 
making  loops  as  in  the  diagram  at  2,  3,  5,  &c.  foon  after  every  conjunction.  The  fecond 
crofles  its  own  path  every  3 days  13  hours,  as  at  4,  7,  11,  &c.  making  only  5 loops,  and  as 
many  conjunctions  while  the  firft  makes  ic.  The  third  fatellite  at  the  end  of  every  7 days 
4 hours,  makes  an  angle  in  conjunction  with  the  fun,  as  at  7,  14.  The  fourth  fatellite  is  al- 
ways progreffive,  making  neither  loops  nor  angles  •,  its  firft  conjunction  is  at  e,  at  the  end  of 
1 6 days  18  hours.  The  firft,  fecond  and  third  are,  according  to  the  figure,  nearly  in  the 
fame  relative  fituation,  every  feventh  day. 

The  path  of  Saturn’s  firft  fatellite  about  the  fun  is  looped,  but  not  thofe  of  the  fecond, 
third,  fourth  and  fifth. 

PROP.  C.XV.  The  fatellites  of  Jupiter,  Saturn,  and  the  Herfchel,  are 
eclipfed  by  their  refpedtive  primaries. 

The  planet  I being  an  opaque  body,  cafts  a fhadow  IV,  oppofite  to  the  fun.  Therefore,  Plate  10. 
when  one  of  its  fatellites  in  defcribing  the  arc  HOP  conies  to  II,  it  will  be  eclipfed  by  falling  ll^' I4' 
into  this  fhadow.  If  the  earth  is  at  B in  its  orbit,  a fpe&ator  from  the  earth  will  lofc  fight  of 
the  fatellite,  when  it  is  thus  eclipfed  at  V ; and  then,  as  it  emerges  from  the  fhadow,  it 
becomes  again  vifible,  till,  atP,  it  pafles  behind  its  primary.  If  the  earth  be  at  X,  the  fatellite 
will  be  eclipfed,  and  in  occultation  at  the  fame  time. 


PROP.  CXVI.  When  one  of  the  fatellites  pafles  between  the  fun  and 
its  primary,  it  eclipfes  the  fun.  A 
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A fatellite  at  M will  be  between  the  fun  and  its  primary,  and  occafion  an  eclipfe  of  the  fun 
on  that  part  of  the  primary  where  the  fhadow  of  the  fatellite  pafles,  which  fhadow  will  ap- 
pear as  a dark  fpot  on  the  difc  of  the  planet  to  an  inhabitant  of  the  earth. 

Schol.  Dr.  Herfchel,  about  feven  years  ago  difcovered,  that  the  fifth  fatellite  of  Saturn 
is,  in  its  rotation,  fubjedt  to  the  fame  law  that  our  moon  obeys,  that  is,  it  turns  round  its  axis 
in  the  fame  time  in  which  it  revolves  about  the  planet.  Hence,  the  dodtor  thought  it  natur-. 
al  to  conclude,  that  all  the  fecondary  planets  might  be  governed  by  the  fame  laws  to  which 
thofe  are  fubjedf.  This  theory  he  thinks  confulerably  confirmed  by  certain  obfervations 
which  he  made  on  the  fatellites  of  Jupiter,  and  which  he  communicated  to  the  Royal  Socier 
ty,  June  i,  1797. 

The  following  table  will  give  the  periodical  times  and  diftances  of  Jupiter’s  fatellites,  and 


the  angles  under  which  their 

orbits 

are  feen  from  the  earth, 

at  its  mean  diftance  from  Jupiter, 

Satellites. 

Days. 

h. 

min. 

Dift.  in  miles.  Angles  of  orbit. 

I 

I 

18 

26.6 

r — 266.OOO 

— 3'  55" 

2 

— 3 

18 

17.9 

423.000 

— 614 

3 

— 7 

3 

59-6 

676.000 

— 9'58 

4 

— 16 

18 

5-1 

*—  1.189.000 

— 17  30 

Thefe  fatellites  of  Jupiter  are  of  great  ufe  in  aftronomy.  (1.)  In  determining  the  diftance 
of  Jupiter  from  the  earth.  (2.)  They  afford  a method  of  demonflrating  that  the  motion  of 
light  is  progrefhve,  and  not  inftantaneous,  as  was  once  fuppofed.  See  Prop.  CXVII.  And 
(3.)  The  moft  confiderable  advantage  is  derived  from  the  eclipfes  of  the  fatellites  of  Jupiter, 
in  afcertaining  the  longitude  of  different  places  on  the  earth. 

Exp.  Suppofe  two  obfervers  of  an  eclipfe,  the  one  at  London,  the  other  at  the  Cape  of 
Good  Plope,  the  eclipfe  will  appear  to  both  at  the  fame  moment  of  time  ; but  being  fituated 
under  different  meridians,  they  count  different  hours,  according  to  which  their  difference  of 
longitude  is  found.  Thus,  if  at  the  Cape  of  Good  Plope,  an  emerfion  of  a fatellite  is  ob- 
ferved  at  ioh.  46'  45"  apparent  time,  and  the  fame  is  feen  at  Greenwich  at  9I1.  33'  12^, 
the  difference  of  which  times  is  ih.  13'  33",  the  longitude  of  the  cape  eajl  of  Greenwich 
in  time,  or  180  23'  15". 

Note.  The  third  fatellite  is  the  largefl  of  all  : the  firfl  and  fourth  are  nearly  of  the 
fame  fize  ; the  fecond  is  the  fmalleft. 

Of  the  satellites  of  SATURN. 


Satellites. 

I — 

1 day. 

Per.  times. 

2 I h.  I 8' 

27" 

Diftance  in  mile3. 
— I70.OCO 

2 — 

2 

17 

41 

22 

— 217.OOO 

3 — 

4 • 

12 

25 

12 

— 303.000 

4 — 

*5 

22 

4l 

J3 

— 704.OOO 

5 — 

79 

7 

48 

— 

— 2.050.OOO 

6 — 

1 

8 

53 

8 

I35.OOO 

7 — 

— < 

22 

37 

22 

— IO7.OOO 
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Fig.  3.  Plate  15,  is  a view  of  the  proportional  magnitudes  of  the  orbits  of  the  moon,  Jupi-  p]atc 
ters  four  fatellites,  and  the  five  firft  of  Saturn.  Mm  reprefents  the  moon’s  orbit,  the  earth  flS-  »■ 
being  fuppofed  to  be  at  E ; J Jupiter,  i,  2,  3,  4,  the  orbits  of  the  four  fatellites  ; Sat.  Saturn, 
j,  2,  3,  4,  5,  the  orbits  of  the  five  fir  ft  fatellites. 

The  6th  and  7th  fatellites  were  difcovered  by  Dr.  Herfchel,  in  the  years  1787  and  1788. 

To  prevent  miftakes,  he  calls  them  the  6th  and  7th,  though  nearer  to  the  planet  than  the 
other  five.  Dr.  Herfchel  obferves,  that  Saturn  has  probably  a confiderable  atmofphere.  It 
turns  on  an  axis  perpendicular  to  the  ring,  in  10  h.  16'  0.44".  and  is  flattened  at  the  poles, 
fo  that  the  equatorial  diameter  is  to  the  polar  as  n to  10.  Phil.  Tranf.  Vol.  80,  Part  I. 
and  II.  and  Vol.  84. 

Of  the  satellites  of  the  HERSCHEL. 

Dr.  Herfchel  has  at  different  times  difcovered  fix  fatellites  belonging  to  the  new  planet, 
two  of  which  he  defcribed  in  the  77th  and  78th  Vols.  of  the  Phil.  Tranf.  where  he  fays, 

“ I confefs  that  this  fcene  appeared  to  me  with  additional  beauty,  as  the  little  fecondary 
“ planets  feemed  to  give  a dignity  to  the  primary  one,  which  raifes  it  into  a more  confpic- 
(f  uous  fituation  among  the  great  bodies  in  our  fyftem.” 

The  following  is  the  arrangement  of  the  fix  fatellites. 


Satellites. 

When  difcovered. 

Periodical  times. 

I — 

Jan.  18,  1790 

— - 

5 d. 

21  h. 

25  m. 

0" 

2 — 

Jan.  11,  1787 

— 

8 

*7 

1 

19 

3 — 

Mar.  26,  1794 

— 

10 

23 

4 

0 

4 — 

Jan.  11,  1787 

— 

*3 

1 1 

5 

ii 

5 — 

Feb.  9,  1790 

— 

38 

1 

49 

0 

6 — 

Feb.  28,  1794 

— 

107 

16 

40 

0 

(( It  will  be  hardly  neceffary,”  fays  Dr.  Herfchel,  (t  to  add,  that  the  accuracy  of  thefe  pc* 

“ riods  depends  entirely  upon  the  truth  of  the  affirmed  diftances ; fome  confiderable  differ* 

*‘ence,  therefore,  may  be  expected,  when  obfervations  (hall  fumifh  us  with  proper  data  for 
fc  more  accurate  determinations.”  See  Phil.  Tranf.  1798. 

PROP.  CXVII,  A ray  of  light  is  about  8 minutes  in  coming  from  the 
fun  to  the  earth. 

Let  A be  the  fun,  BECD  the  earth’s  orbit,  F the  planet  Jupiter,  and  HNG  the  orbit  of  its  piate  i«. 
inner  fatellite.  Let  FGH  reprefent  the  fhadow  of  Jupiter.  While  the  fatellite  is  between  H ir'S- 
and  G,  it  is  eclipfed  ; when  it  comes  to  H,  it  emerges,  and  becomes  vifible  to  a fpeftator  at  B. 

From  comparing  the  times  of  the  apparent  entrance  and  emerfion  of  the  fatellite,  with  tables 
calculated  for  the  mean  diftances  of  the  earth  from  the  fatellite,  the  vifible  emerfion  at  the 
leaft  diftance  is  found  to  happen  about  8 minutes  fooner,  and  at  the  greateft  diftance  about  8 
minutes  later  than  by  the  tables  : confequently,  the  ray  of  light  is  about  16  minutes  in  paff* 
ing  through  the  carth’3  orbit,  or  8 minutes  in  coming  from  the  fun  to  the  earth. 

Cor.  The  diameter  of  the  earth’s  orbit  being  19^,000,000  miles,  the  velocity  of  light 
will  be  L9J,oco>°£?  — 202,088  miles  in  a fecond. 
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PROP.  CXVIII.  Jupiter  is  lurrounded  by  cloudy  fubftances,  fubjedt  to 
frequent  changes  in  their  fituation  and  appearance,  called  his  Belts.  Sat- 
urn is  encompaffed  with  a Ring,  whofe  greateft  apparent  diameter,  is  t© 
that  of  the  planet  as  9 to  4. 


Plate  10. 
ttg-  1 5- 


Thefe  are  known  from  obfervation.  The  Belts  of  Jupiter  are  fometimes  of  a regular  form  ; 
fometimes  interrupted  and  broken  ; and  fometimes  not  at  all  to  be  feen.  The  plane  of  Sat- 
urn’s ring  is  inclined  to  the  plane  of  the  ecliptic  at  an  angle  of  3 1 degrees  ; which  appears 
like  two  arms  to  the  planet,  and  which  is  only  vifible  when  the  fun  and  the  earth  are  both 
on  the  fame  fide  of  its  plane.  On  account  of  its  inclination,  it  always  appears  oblique  to 
the  eye,  and  therefore  elliptical  : whence  the  part  behind  Saturn  is  invifible,  and  the  part 
before  cannot  be  diftinguifhed  from  the  planet.  The  ring  being  opaque,  can  only  be  vifi- 
ble when  the  fun’s  rays  are  reflected  from  its  broad  furface  to  the  earth,  that  is,  when  the 
fun  and  the  earth  are  both  on  the  fame  fide  of  the  plane  of  the  ring. 

The  latter  difcoveries  of  Dr.  Herfchel  have  (hewn,  that  what  was  fuppofed  to  be  a Angle 
broad  flat  ring  of  Saturn,  is  divided  into  two  parts,  lying  exadtly  in  the  fame  plane,  and  revolv- 
ing about  an  axis  perpendicular  to  that  plane,  in  10  h.  32/  15".  The  dimenfions  of  thefe 
concentric  rings,  and  the  fpace  between  them,  he  Hates  to  be  as  in  the  following  table. 

Miles. 


Inner  diameter  of  the  fmaller  ring 
Outfide  diameter  of  ditto 
Inner  diameter  of  larger  ring 
Outfide  diameter  of  ditto  - - 

Breadth  of  the  inner  ring  - - 

Breadth  of  the  outer  ring  - - 

Breadth  of  the  vacant  fpace  - - 


146,345 

184,393 

190,248 

204,883 

20,000 

7,200 

2,830 


CHAP.  VII. 
Of  COMETS. 


PROP.  CXIX.  Comets  are  opaque  and  folid  bodies. 

A comet,  at  a given  diftance  from  the  earth,  fhines  much  brighter  when  it  is  on  the  fame 
fide  of  the  earth  with  the  fun,  than  when  it  is  on  the  contrary  fide  ; from  whence  it  appears 
that  it  owes  its  brightnefs  to  the  fun.  The  refi fiance  of  the  comet  of  1680  to  the  adtion  of 
the  great  heat,  to  which  it  was  probably  expofed  in  its  near  approach  to  the  fun,  furnifhes 
evidence  in  favour  of  its  being  a fixed  and  folid  body. 

PROP.  CXX.  The  comets  defcribe  very  eccentric  ellipfes  about  the 
fun,  placed  in  one  of  their  foci. 

They  are  obferved  to  approach  towards,  and  afterwards  recede  from,  the  fun,  and  to  de- 

is  therefore  molt  probable, 
that 


fcribe  paths  in  the  heavens,  which  agree  with  elliptic  orbits ; it 
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tint  agreeably  to  the  general  analogy  of  nature,  they  move  in  fuch  orbits,  and  have  the  fun 
in  one  of  the  foci  of  the  ellipfe.  '1  he  calculations  framed  upon  this  fuppofition,  by  which  the 
returns  of  comets  have  been  foretold,  having,  as  far  as  obfervations  have  been  made,  been 
found  to  agree  with  the  phenomena,  drongly  confirm  the  truth  of  the  Propofition. 

Schol.  t.  Comets  are  often  accompanied  with  a luminous  train,  called  the  tail,  which 
is  conjectured  to  be  fmoke  riling  from  the  body  in  a line  oppofite  to  the  fun.  The  body  of 
the  comet  is  fuppofed  to  be  furrounded  by  an  atmofphere  ; the  fun  is  alfo  fuppofed  to  be  fur- 
rounded  by  an  ether,  or  a fubtle  fluid,  extending  to  a great  diftance  from  the  fun,  which 
may  be  confidered  as  the  folar  atmofphere.  From  the  heat  which  the  comet  has  acquired  by 
approaching  towards  the  fun,  and  by  the  reflection  of  the  fun’s  rays  from  the  fofid  body  and 
atmofphere  of  the  comet,  the  parts  of  the  folar  atmofphere  where  the  comet  pafies  are  more 
heated,  and  confequently  more  rarefied  or  fpecifically  lighter  than  elfewhere.  The  parts  thus 
rarefied  will  be  put  into  motion  ; and  fince  there  will  be  a conftant  fucceffion  of  frefh 
portions  of  the  fun’s  atmofphere  within  that  of  the  comet,  there  will  be  a perpetual  ftream  of 
this  rarefied  matter.  This  ftream  will  impel  the  particles  of  the  comet’s  atmofphere,  and 
make  them  move  along  with  it,  thus  producing  the  fmoke  which,  reflecting  the  fun’s  rays, 
forms  the  vifible  tail,  And  this  ftream  of  rarefied  folar  atmofphere  will  move  thofe  parts  of 
this  atmofphere  which  have  the  lead  fpecific  gravity,  that  is,  direCtly  from  the  fun. 

Schol.  2.  Of  all  the  comets,  the  periods  of  only  three  are  known  with  any  degree  of 
certainty.  The  firft  of  thefe  comets  appeared  in  the  years  1531,  1607,  and  1682;  and  is 
expeCted  to  appear  every  75th  year.  The  fecond  of  them  appeared  in  1532  and  1661,  and 
•was  expeCted  to  return  in  1789,  and  every  129th  year  afterwards.  The  third,  having  laid 
appeared  in  1680,  and  its  period  being  no  lefs  than  575  years,  cannot  return  until  the  year 
2225.  This  comet,  at  its  greateft  diftance,  is  about  n thoufand  two  hundred  millions  of 
miles  from  the  fun  ; and  at  its  lead  didance  from  the  fun’s  centre,  which  is  49,000  miles, 
is  within  lefs  than  a third  part  of  the  fun’s  femidiameter  from  his  furface.  In  that  part  of  its 
prbit  which  is  neared  the  fun,  it  moves  at  the  rate  of  8 80, coo  miles  in  an  hour, 


307 


Schol.  3.  Dr.  Halley,  who  faw  the  comet  which  appeared  in  1682,  obferves,  “that  there 
are  many  things  which  make  me  believe,  that  the  comet  which  Apian  faw  in  the  year  1531, 
was  the  fame  with  that  which  Kepler  and  Longomontanus  more  accurately  deferibed  in 
the  year  1607  ; and  which  I myfelf  have  feen  return,  and  obferved  in  the  year  1682.  All  the 
elements  agree,  and  nothing  feems  to  contradict  this  opinion  befides  the  inequality  of  the  pe- 
riodic revolutions ; which  inequality  is  not  fo  great,  hut  that  it  may  be  owing  to  phyfical 
caufes.  For  the  motion  of  Saturn  is  fo  didurbed  by  the  red  of  the  planets,  efpecially  Jupiter, 
that  the  periodic  time  of  that  planet  is  uncertain  for  fome  whole  days  together.  How  much 
more,  therefore,  will  a comet  be  fubjeCI  to  fuch  like  errors,  which  rifes  almod  four  times  high- 
er than  Saturn,  and  whofe  velocity,  though  increafed  but  very  little,  would  be  fufficient  to 
change  its  orbit  from  an  ellipfe  to  a parabola.  And  I am  the  more  confirmed  in  my  opin- 
ion of  its  being  the  fame  ; for,  in  the  year  1456,  in  the  fummer-time,  a comet  was  feen  pall- 
ing retrograde  between  the  earth  and  fun,  much  after  the  fame  manner  ; which,  though  no- 
body made  obfervations  upon  it,  yet,  from  its  period,  and  manner  of  tranfit,  I cannot  think 
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different  from  thofe  I have  juft  now  mentioned.  And  fince  looking  over  the  hiflory  of  com- 
ets, I find,  at  an  equal  interval  of  time,  a comet  to  have  been  feen  about  Eafter  in  the  year 
1305,  wfii°h 's  another  double  period  of  151  years  before  the  former.  Hence  I think  I may 
venture  to  foretel  that  it  will  return  again  in  the  year  1758.” 

Dr.  Halley  computed  the  effedt  of  Jupiter  upon  this  comet  in  1682,  and  found  that  it 
would  increafe  its  periodic  time  above  a year  ; in  confequence  of  which,  he  predicted  its  re- 
turn at  the  end  of  the  year  1758,  or  the  beginning  of  1759.  M,  Clairaut  computed  the 
effedls  of  both  Saturn  and  Jupiter,  and  found  that  the  former  would  retard  its  return  in  the 
laft  period  100  days,  and  the  latter  51 1 days  j and  he  determined  the  time  when  the  comet 
would  come  to  its  perihelion  to  be  on  April  15,  1759  •,  obferving,  that  he  might  err  a month, 
from  neglecting  fmall  quantities  in  the  computation.  The  comet  did  pafs  the  perihelion  on 
March  13,  within  33  days  of  the  time  computed.  Now,  if  Dr.  Halley  meant  the  time  of  its 
paffing  the  perihelion,  and  we  add  too  days  for  the  action  of  Saturn,  which  he  did  not  con- 
fider,  it  will  bring  it  very  near  to  the  time  in  which  it  paffed  the  perihelion,  and  prove  his 
computation  of  the  effeCt  of  Jupiter  to  have  been  very  accurate.  But  if  he  meant  the  time 
when  the  comet  would  firft  appear,  his  prediction  was  accurate,  for  it  was  firft  feen  on  De- 
cember 14,  1758.  Dr.  Halley,  therefore,  had  the- glory,  firft  to  foretel  the  return  of  a com- 
et, and  the  event  anfwered,  in  a remarkable  manner,  his  prediction.  He  farther  obferved, 
that  the  aCtion  of  Jupiter,  in  the  defcent  of  the  comet  towards  its  perihelion  in  1682,  would 
tend  to  increafe  the  inclination  of  its  orbit ; and  accordingly  the  inclination  in  1682  was  found 
to  be  22'  greater  than  in  1607. 

Dr.  Halley  fufpeCted  the  comet  in  1680,  to  have  been  the  fame  which  appeared  in  1 106, 
531,  and  44  years  before  Chrift.  He  alfo  conjeCtured,  that  the  comet  obferved  by  Apian,  in 
1532,  was  the  fame  as  that  obferved  by  Hevelius  in  1661  ; if  fo,  its  period  was  129  years, 
and  it  ought  to  have  returned  in  1789,  but  it  did  not  appear.  M.  Mechain  having  collected 
all  the  obfervations  in  1532,  and  calculated  the  orbit  again,  found  that  it  differed  materially 
from  that  calculated  by  Dr.  Halley,  which  renders  it  extremely  doubtful  whether  this  was 
the  comet  which  appeared  in  1661  ; and  this  doubt  is  increafed  by  its  not  appearing  in  1789. 

Schol.  4.  From  the  beginning  of  our  era  to  this  time,  it  is  probable,  according  to  the 
beft  accounts,  that  there  have  appeared  about  500  comets.  Before  that  time  above  100  others 
are  recorded  to  have  been  feen,  but  it  is  probable  that  not  above  half  of  them  were  comets. 
And  when  we  confider  that  many  others  may  not  have  been  perceived,  from  being  too  near 
the  fun  ; — from  appearing  in  moon  light ; — from  being  in  the  other  hemifphere  ; — from  being 
too  fmall  to  be  perceived  •,  or  which  may  not  have  been  recorded,  we  might  imagine  the 
whole  number  to  be  confiderably  greater  ; it  is,  however,  highly  probable,  that  of  the  comets 
which  are  recorded  to  have  been  feen,  the  fame  may  have  appeared  feveral  times,  and  there- 
fore the  number  may  be  lefs  than  is  ftated.  Mifs  Caroline  Herfchel,  the  filler  of  Dr.  Her- 
fchtl,  has  difcovered  feveral  comets  within  the  laft  15  years,  accounts  of  which  are  in  the 
different  volumes  of  the  Philofophical  Tranfadtions. 

On  the  fubjedl  of  Comets,  fee  Mr,  Vince’s  very  excellent  “ Complete  Syflem  of  Jfrommy” 
Vol.  I.  Quarto. 
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CHAP.  VIII. 

Of  the  Sun. 

PROP.  CXXI.  The  fpots  which  appear  upon  the  fun’s  difc,  adhere  to 
its  furface. 

If  one  of  tliefe  fpots  appears  upon  the  eaftern  limb  or  edge  of  the  fun’s  difc,  it  moves 
from  thence  towards  the  weftern  edge,  and  arrives  at  the  weftern  edge  in  about  13-  days. 
Here  the  fpot  difappears  *,  and  in  about  13^  days  more,  it  is  feen  again  upon  the  eaftern  edge  ; 
and  fo  continues  to  go  round  completing  its  apparent  revolution  in  27  days  ; during  one  half 
of  which  time  we  fee  it  on  the  difc  of  the  fun,  and  during  the  other  half  it  difappears  ; which 
could  not  happen,  if  the  fpots  did  not  adhere  to  the  furface  of  the  fun.  Let  A be  the  centre 
of  the  fun’s  difc,  C its  eaftern,  and  D its  weftern  edge  ; HEG  the  orbit  of  an  opaque 
body  moving  round  it,  and  B the  eye  of  the  fpedtator  at  the  earth.  If  two  lines  BD  and  BC 
are  fuppofed  to  be  drawn  from  the  fpedtator’s  eye  B,  fo  as  to  touch  the  fun  at  1)  and  C,  then 
DBG,  the  angle  contained  between  thefe  lines,  is  the  angle  under  which  the  fun’s  diameter 
appears  to  a fpedtator  on  the  earth.  EG  is  the  only  part  of  the  fuppofed  body’s  orbit  that  is 
within  this  angle  DBC,  and  confequentiy,  if  the  body  was  in  any  other  part  of  its  orbit,  except 
EG,  it  would  not  appear  upon  the  fun’s  difc.  But  EG  is  lefs  than  half  its  orbit ; and  the 
body  would  not  take  up  half  the  time  of  a revolution  to  defcribe  EG.  Therefore  fuch  a body 
would  not  be  feen  upon  the  fun’s  difc,  as  the  fpots  are  for  half  the  time  of  a revolution.  But 
if  the  orbit  HEG  is  not  greater  than  LDFC,  or  is  clofe  to  the  fun,  that  is,  if  the  fpot  adheres 
to  the  fun’s  furface,  then  half  its  orbit  DEC,  will  be  within  the  angle  DBC,  and  confequentiy, 
the  fpot  will  appear  upon  the  fun’s  difc  during  one  half  of  its  revolution  j but  during  the 
other  half  of  its  revolution,  whilft  it  defcribes  CLD,  it  will  difappear,  becaufe  then  it  will  be 
behind  the  fun,  and  fo  will  be  concealed  from  the  earth,  which  agrees  with  the  phenomena. 

«» 

PROP.  CXXII.  The  fun  is  a fpherical  body,  which  revolves  upon  its 
axis  from  weft  to  eaft. 

The  fpots  which  appear  in  the  fun’s  difc,  adhere  to  its  furface,  (by  Prop.  CXXI.)  and 
thefe  fpots  revolve ; therefore  the  fun  revolves  round  its  axis. 

Whatever  fide  of  the  fun  is  turned  towards  the  earth  in  this  rotation,  it  always  appears  to 
be  a flat  bright  circle  ; but  all  the  fides  of  it  could  not  appear  in  this  manner  unlefs  it  was  a 
fphere  : therefore  the  fun  is  a fpherical  body. 

Schol.  A real  revolution  of  a fpot,  and  confequentiy  of  the  fun  round  its  axis,  is  com- 
pleted in  25  days,  two  days  lefs  than  its  apparent  revolution,  in  confequence  of  the  earth’s 
motion  in  its  orbit  in  the  fame  direction  in  which  the  fpot  moves. 

PROP.  CXXIII.  The  axis  of  the  fun  is  inclined  to  the  plane  of  the 
ecliptic. 


Plate  10. 
Fig.  1 6. 
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Each  fpot  upon  the  fun  mu  ft  defcribe  a circle  round  the  fun,  either  coinciding  with  its 
equator,  or  parallel  to  it.  If  therefore  the  fun’s  axis  were  perpendicular  to  the  plane  of  the 
ecliptic,  the  plane  of  the  fun’s  equator  would  be  in  the  plane  of  the  ecliptic  ; apd  a fpe&ator 
on  the  earth,  whofe  eye  is  in  the  ecliptic,  would  fee  t;he  fpots  deferibing  right  lines,  either  in 
the  fun’s  equator,  or  parallel  to  it : but  the  fpots  are  fometimes  feen  to  defcribe  lines  oblique 
to  the  plane  of  the  ecliptic  : therefore  the  axis  of  the  fun  is  inclined  to  the  plane  of  the  eclip- 
tic. This  inclination  is  obferved  to  be  an  angle  of  about  82|  degrees.  When  the  fun’s  equa- 
tor crolfes  the  plane  of  the  ecliptic,  the  fpots  appear  to  defcribe  right  lines  parallel,  to  the  fun’s 
equator, 

Schol.  The  following  particulars  refpefting  the  fun  are  related  by  Sir  I.  Newton. 

x.  That  the  denfity  of  the  fun’s  heat,  wrhich  is  proportional  to  his  light,  is  7 times  as  great 
in  Mercury  as  with  us,  and  that  water  there  would  be  all  carried  off  in  the  fliape  of  (team ; 
for,  he  found,  by  experiments  with  the  thermometer,  that  a heat  7 times  greater  that}  that  of 
the  fun’s  beams  in  fummer  will  ferve  to  make  water  boil, 

2.  That  the  quantity  of  matter  in  the  fun  is  to  that  in  Jupiter  nearly  as  1 100  to  1,  and  that 
the  diftance  of  that  planet  from  the  fun  is  in  the  fame  ratio  to  the  fun’s  femidiameter ; confe- 
quently,  that  the  centre  of  gravity  of  the  fun  and  Jupiter  is  nearly  in  the  fuperficies  of  the  fun. 

3.  That  the  quantity  of  matter  in  the  fun  is  to  that  in  Saturn  as  2360  to  1,  and  that  the 
diftance  of  Saturn  from  the  fun  is  in  a ratio  but  little  lefs,  than  that  of  the  fun’s  femidiame- 
ter. And  hence  the  common  centre  of  gravity  of  Saturn  and  the  fun  is  a little  within  the  fun. 

4.  By  the  fame  method  of  calculation  it  will  be  found,  that  the  common  centre  of  gravity 
of  all  the  planets  cannot  be  more  than  the  length  of  the  folar  diameter  diftant  from  the  cen- 
tre of  the  fun. 

5.  The  fun’s  diameter  is  equal  to  100  diameters  of  the  earth,  and  therefore  its  magnitude 
muft  exceed  that  of  the  earth  one  million  of  times. 

6.  If  360  degrees  (the  whole  ecliptic)  be  divided  by  the  quantity  of  the  folar  year,  it  will 
give  59'.  8".  which  therefore  is  the  medium  quantity  of  the  fun’s  apparent  daily  motion  j hence 
his  horary  motion  is  equal  to  2'.  27".  By  this  method  the  tables  of  the  fun’s  mean  motion 
are  conftru£ted  as  found  in  aftronomical  books. 

CHAP.  IX. 

Of  the  parallaxes,  distances,  and  magnitudes  of  the  HEAV- 
ENLY BODIES. 

Def.  LXII.  The  Parallax  of  the  heavenly  bodies,  is  the  change  of 
their  apparent  fituation  with  refpedt  to  each  other,  as  the  fpedtator  views 
them  from  different  ftations. 

Def.  LXIII.  The  Diurnal  Parallax , is  the  diftance  between  the  appa- 
rent place  of  a heavenly  body,  as  viewed  from  the  furface  of  the  earth,  and 
its  apparent  place,  as  viewed  from  the  centre  of  the  earth. 

Let 
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Let  DAB  be  the  earth,  C its  centre,  A the  ftation  of  a fpeCtator  on  the  furface  of  the  earth  •,  Plate  iq. 
and  F G H different  places  of  the  moon,  or  any  other  heavenly  body  : TO,  NM,  LI,  arc  Fl§'  1 ‘ 
its  different  parallaxes,  and  THO,  or  AHC  ; MGN,  or  AGC,  &c.  angles  of  parallax. 

Schol.  If  a fpeCtator  in  his  firft  ftation  at  A,  fees  a planet  at  G,  its  apparent  place  in 
the  heavens  will  be  N ; if  now,  by  the  diurnal  rotation  of  the  earth,  he  comes  into  the  fta- 
tion P,  the  planet  will  appear  at  M,  which  is  the  place  in  which  it  would  have  appeared  if 
viewed  from  C the  centre  : thus,  in  all  cafes,  the  parallax  which  arifes  from  the  diurnal  mo- 
tion is  the  fame  which  would  arife  from  a change  of  ftation  from  the  furface  to  the  centre  ; 
for  in  either  cafe,  the  change  of  the  fpeCtator’s  line  of  view  is  the  fame.  Hence  appears  the 
propriety  of  the  above  definition  of  the  diurnal  parallax. 

PROP.  CXXIV.  The  parallax  of  any  planet  is  always  proportional  to 
the  angle  which  a femidiametej:  of  the  earth,  drawn  from  the  ftation  of  the 
fpeCtator  upon  the  furface  to  the  centre,  would  fubtend,  if  viewed  from  the 
planet. 

If  the  planet  be  at  H,  and  the  fpeCtator  at  A,  AFIT  will  be  his  line  of  view  ; on  changing  plate  ro> 
the  ftation  of  the  fpeCtator  from  A to  C,  the  line  of  view  will  become  CHO  : whence  TO  Fig-  17- 
will  be  the  parallax.  But  TO  fubtends  and  is  proportional  to  THO,  or  (El.  I.  15.)  AHC, 
the  angle  which  the  earth’s  femidiameter  would  fubtend,  if  viewed  from  the  planet  H. 

PROP.  CXXV.  The  parallax  of  a planet  depreftes  its  apparent  place, 
by  the  parallactic  arc. 

If  the  planet  be  viewed  from  C,  its  apparent  place  is  O •,  if  from  A,  its  apparent  place  is  T,  Plate  iq. 
farther  from  Z the  vertex  than  O,  by  the  parallactic  arc  TO.  I?- 

Cor.  When  the  altitude  of  a body  is  obferved,  it  muft  be  corrected  by  parallax  and  re- 
fraCtion,  adding  the  former,  and  fubtraCting  the  latter,  in  order  to  get  the  true  altitude,  or  the 
altitude  above  the  rational  horizon  at  the  centre  of  the  earth.  See  table  of  refraCtions,  Schol. 
l.  Prop.  XXXIX, 

PROP.  CXXVI.  The  diurnal  parallax  of  any  planet,  at  a given  dif- 
tance  from  the  earth,  is  greateft  when  the  planet  is  in  the  horizon,  and  de- 
creafes  as  the  altitude  of  the  planet  increafes. 

The  parallax  (by  Prop.  CXXIV.)  is  proportional  to  the  angle  which  AC  would  fubtend,  if 
feen  from  the  planet  H ; but  this  given  line,  viewed  from  the  given  diftance  of  the  planet, 
would  continually  diminifh  in  its  apparent  magnitude  (by  Book  Vi.  Prop.  LXXIII.)  as  the  de- 
gree of  obliquity  at  which  it  is  viewed  increafes,  that  is,  as  the  planet  advances  from  H to- 
wards E ; therefore  the  parallax  is  greateft  in  the  horizon,  and  decreafes  as  the  planet  approach- 
es the  vertex.  The  parallaCtic  angle  AGC  is  lefs  than  AHC,  and  AFC  lefs  than  AGC. 


PROP, 
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PROP.  CXXVII.  To  find  the  parallax  of  the  moon,  or  any  planet. 

plate  io.  Let  HMO  be  an  arc  of  the  horizon  •,  APVM  an  arc  in  the  meridian  ; P the  elevated 

t p0]e  . \r  the  vertex  ; E the  apparent  place  of  the  planet,  as  feen  from  the  furface  of  the 

earth,  and  S its  place,  as  feen  from  the  centre  : then  ES  is  the  diurnal  parallax  in  the  ver- 
tical circle  VE.  Before  the  planet  comes  to  the  meridian,  ohferve  its  altitude,  at  E,  above 
the  horizon,  whence  the  complement  of  its  altitude,  VE,  will  be  known  : at  the  fame  time 
obferve  its  dillance  from  the  meridian,  or  its  azimuth,  EVM.  After  the  planet  has  pafied 
the  meridian,  obferve  when  it  has  the  fame  altitude  as  at  the  firft  obfervation,  that  is,  when 
eV  is  equal  to  EV.  Now,  if  E is  the  apparent  place  of  the  planet  when  at  the  time  of  the 
firft  obfervation  it  is  viewed  from  the  earth’s  furface,  and  S would  be  its  place,  at  that  time, 
if  viewed  from  the  centre  ; and  if  e is  its  apparent  place  when  viewed  at  the  fecond  obfer- 
vation, from  the  furface,  and  s would  be  its  place,  at  that  time,  if  viewed  from  the  centre  ; 
the  parallax  ES  is  equal  to  the  parallax  ej,  fmee  the  altitude  was  the  fame  at  both  obferva- 
tions,  and  confequently  S V is  equal  to  /V  . So  that  if  PS  is  the  fecondary  of  the  equator 
which  pafied  through  the  planet  at  the  firft  obfervation,  and  Pr  the  fecondary  which  palled 
through  it  at  the  fecond  obfervation,  the  planet  between  the  times  of  the  firft  and  fecond 
obfervation,  muft  have  deferibed  the  arc  Sr  in  a circle  of  daily  motion.  From  the  time 
which  has  pafied  between  the  two  obfervations,  the  arc  Sr  (by  Prop.  XXVII.)  may  be 
found,  and  confequently  the  angle  SPr.  Now,  becaufe  the  angle  EVM  is  known,  PVS 
its  fupplement  to  two  right  angles  is  known  : and,  becaufe  at  the  two  obfervations  the 
planet  was  at  equal  altitudes,  that  is,  at  equal  diftances  from  the  meridian,  the  meridian 
bifects  the  angle  SPr,  which  is  known  ; whence  its  half  VPS  is  found.  Alfo,  if  the  lati- 
tude of  the  place  be  known,  PV,  the  diftance  of  the  elevated  pole  from  the  vertex,  or  the 
complement  of  its  diftance  from  the  horizon,  that  is,  (by  Prop.  III.)  the  complement  of 
latitude  is  known.  Therefore  in  the  fpherical  triangle  PVS,  two  angles  and  one  fide  are 
known;  whence  the  length  of  SV  may  be  determined.  Take  SV  from  EV,  which  is  al- 
ready known,  and  SE,  the  planet’s  parallax,  will  be  found.  The  moon’s  mean  parallax  has 
been  found  to  be  57'.  1 1". 

Or  thus  : obferve  when  the  planet  wlrofe  parallax  is  to  be  found,  and  any  fixed  ftar  in 
conjunction  with  it,  crofs  the  meridian  at  the  fame  inftant  : obferve  the  fame  planet  and  ftar 
after  three  hours,  and  remark  how  much  fooner  the  planet  reaches  a line  placed  perpendicu- 
larly in  the  telefcope  than  the  ftar.  As  24  hours  is  to  this  difference  of  time,  fo  will  360 
degrees  be  to  the  arc  which  fubtends  the  angle  of  the  parallax  ; whence  the  arc  and  anglq 
will  be  known. 


PROP.  CXXVI1I.  Any  parallax  of  a planet  being  given,  to  find  any 
other  parallax. 

The  parallaCtic  angle  AFC  being  given,  it  is  required  to  find  the  angle  AHC.  Having 
meafured  the  angle  ZAL,  let  the  angle  ZAH,  the  apparent  diftance  of  the  planet  from  the 
zenith,  be  alfo  meafured.  Then,  in  the  triangle  CAF,  the  fine  of  the  angle  CAF  is  to  the 
fine  of  the  angle  CFA,  as  the  fide  CF  is  to  the  fide  AC.  Again,  in  the  triangle  CAH,  the 
£ne  of  the  angle  CAH  is  to  the  fine  of  the  angle  CHA,  as  CH  is  to  AC.  But  CH  is  equal  to 
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CF  • therefore  the  fine  of  the  angle  CAF  is  to  the  fine  of  the  angle  CFA,  as  the  fine  of  the 
angle  CAH  is  to  the  fine  of  the  angle  CHA  : but  the  three  firft  terms  are  known,  therefore 
the  fourth,  namely,  the  angle  CHA,  may  be  found. 

PROP.  CXXIX.  At  a given  altitude  of  different  planets,  their  diurnal 
parallaxes  are  inverfely  as  their  diflances  from  the  centre  of  the  earth. 

Let  one  planet  be  a t/  where  its  altitude  is/A/>,  and  another  at  h,  having  an  equal  altitude  Plate  to. 
hhp.  If  the  planet  / is  viewed  from  A at  the  furface  of  the  earth,  the  line  of  view  is  Afr , FlS- 
and  r is  its  apparent  place  in  the  heavens  : viewed  from  C,  its  apparent  place  would  be  t 
whence,  its  parallax  (by  Prop.  CXXV.)  is  rt.  In  the  fame  manner  it  may  be  fliewn,  that  rs, 
which  is  lefs  than  rt,  is  the  parallax  of  the  planet  h.  Cut  (by  Prop.  CXX1V.)  the  parallax  of 
each  planet  is  proportional  to  the  angle  which  AC  would  fubtend,  if  viewed  from  the  planet: 
and,  fince  AC  is  given,  and  alfo  the  degree  of  obliquity  at  which  it  is  viewed,  the  apparent 
length  of  AC,  or  the  angle  which  AC  would  fubtend,  at  either  planet,  would  be  (by  Book  VI. 

Prop.  LXIX.)  inverfely  as  the  planet’s  diftance  from  C.  Therefore  the  parallaxes  of  thefe 
planets  are  inverfely  as  their  difiances  from  the  centre  of  the  earth. 

PROP.  CXXX.  The  diurnal  parallax  of  a planet  in  a vertical  circle 
produces  a parallax  of  declination,  and  alfo,  if  the  planet  is  not  in  the  me- 
ridian, of  right  afcenfion. 

Let  HQ^  be  the  horizon;  EC  an  arc  of  the  equator,  which  cuts  the  horizon  at  C ; P the,  Hate  n. 
pole  of  the  equator;  Z the  zenith  ; ZV  a vertical  circle  ; F,  the  apparent  place  of  a planet  in  llg'  x* 
the  vertical  circle  ZV,  as  viewed  from  the  furface  of  the  earth,  and  I its  apparent  place,  as 
viewed  from  the  centre  : then  (by  Def.  LXIII.)  FI  is  the  diurnal  parallax  in  a vertical  circle. 

When  the  apparent  place  is  F,  PFA  is  a fecondary  of  the  equator  palling  through  it,  and  when 
it  is  I,  PIB  is  the  fecondary  which  paffes  through  it.  Therefore  AF  is  the  declination  of  the 
planet  when  it  appears  at  F,  and  BI  its  declination  when  it  appears  at  I ; the  difference  of 
which,  DI,  is  the  change  of  the  apparent  declination  arifing  from  the  different  ftation  of  the 
fpechator,  at  the  furface  or  centre  of  the  earth.  When  the  apparent  place  is  F,  the  diftance 
of  A from  tire  firft  of  Aries,  is  tire  right  afcenfion ; when  it  is  I,  the  diftance  of  B from  the 
firft  of  Aries,  is  the  right  afcenfion : for  PFA  and  PIB  are  fecondaries  of  the  equator  paffing 
through  the  planet.  The  difference  of  right  afcenfion,  therefore,  produced  by  the  parallax 
FI,  is  AB.  If  the  planet  is  in  the  meridian  PZH,  and  if  L be  its  apparent  place,  as  viewed 
from  the  furface,  and  N,  as  viewed  from  the  centre  of  the  earth,  LN  will  be  its  diurnal  paral- 
lax ; LE  its  declination,  as  viewed  from  the  furface  ; NE  its  declination,  as  viewed  from  the  cen- 
tre ; and  NL  its  parallax  of  declination.  But,  becaufe  PZH  is  a fecondary  of  the  equator,  in 
whatever  part  of  this  vertical  circle  the  planet  appears,  its  right  afcenfion  will  be  the  diftance 
of  the  point  E from  the  firft  of  Aries,  that  is,  the  diurnal  parallax,  in  this  cafe,  makes  no  par- 
allax of  right  afcenfion. 

PROP.  CXXXI.  The  diurnal  parallax  of  a planet  in  a vertical  circle 
produces  a parallax  of  latitude,  and  alfo,  if  the  vertical  circle  be  not  a fec- 
ondary of  the  ecliptic,  of  longitude. 
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Let  HQ_  be  the  horizon  ; P the  pole  of  the  ecliptic  ; EC  an  arc  of  the  ecliptic,  which  cuts 
the  horizon  at  C ; and  ZV  a vertical  circle:  and  this  Propofition  may  be  proved  in  the  fame 
manner  as  the  lad. 

PROP.  CXXXII.  The  femidiameter  of  the  earth  is  to  the  diftance  of 
any  planet  from  the  centre  of  the  earth,  as  the  fine  of  the  planet’s  parallax* 
is  to  the  fine  of  its  apparent  diftance  from  the  vertex. 

If  a planet  is  at  F,  and  the  fpeHator  at  A,  where  the  line  of  view  is  AFL,  the  planet  will 
appear  at  L,  and  ZAL  will  be  the  angle  of  its  apparent  diftance  from  the  vertex  Z.  Let  the 
parallax  IL,  or  the  angle  AFC  proportional  (by  Prop.  CXX1 V.)  to  IL,  be  found.  In  the  plane 
triangle  ACF,  (the  fides  being  to  one  another  as  the  fines  of  the  oppofite  angles)  AC,  the  fem- 
idiameter of  the  earth,  is  to  FC,  the  diftance  of  the  planet  from  the  centre  of  the  earth,  as  the 
fine  of  the  angle  AFC  the  angle  of  the  parallax,  is  to  the  fine  of  the  angle  FAC,  or  of  its  fup- 
plement  to  two  right  angles  ZAL,  the  angle  of  the  planet’s  apparent  diftance  from  the  vertex. 

Cor.  When  the  horizontal  parallax  is  taken,  the  femidiameter  of  the  earth  AC  is  to  HC, 
the  diftance  of  the  planet,  as  the  fine  of  the  horizontal  parallax  AHC  is  to  the  fine  of  HAC 
or  radius. 

PROP.  CXXXIII.  To  meafure  the  diftance  of  the  moon  from  the  earth*. 

Let  H be  the  moon  in  the  fenfible  horizon  obferved  by  a fpedftator  at  A,  and  C the  centre 
of  the  earth.  In  the  triangle  AHC,  let  the  angle  AFIC,  the  moon’s  horizontal  parallax,  be 
found,  by  Prop.  CXXVII.  The  angle  HAC  is  a right  angle,  and  AC  the  femidiameter  of 
the  earth  is  known  to  be  3985  miles.  Hence,  AC  the  fine  of  AHC,  57'.  1 1".  is  to  3985,  as 
AH,  taken  as  radius,  to  the  number  of  miles  in  AFI  the  moon’s  diftance  from  the  earth  ; the 
moon’s  mean  diftance  is  thus  found  to  be  240,000  Englifh  miles.. 

Schol.  According  to  Mr.  de  la  Lande,  the  horizontal  femidiameter  of  the  moon,  is  to  its 
horizontal  parallax  for  the  mean  radius  of  the  earth  as  15'.  is  to  54'.  57^.4,  or  very  nearly  as 
3 to  11;  hence  the  femidiameter  of  the  moon  is  TV  of  the  radius  of  the  earth.  And  as  the 
magnitudes  of  fpherical  bodies  are  as  the  cubes  of  their  radii,  the  magnitude  of  the  moon  is- 
to  that  of  the  earth  as  3 3 to  1 1 3,  that  is,  as  1 : 49. 

PROP.  CXXXIV.  To  determine  the  relative  diftances  cf  the  inferior 
planets  from  the  fun. 

Let  S be  the  fun,  EHG,  the  orbit  of  Venus,  and  ECM  tbe  orbit  of  Mercury.  Let  AXF 
be  a tangent  to  tbe  orbit  of  Venus,  and  let  the  elongation  of  Venus,  that  is,  the  angle  XAS,  be 
found  by  obfervation.  Then  as  radius  to  the  fine  of  the  angle  XAS,  fo  is  AS  to  XS  or  ES. 
In  like  manner,  if  the  elongation  of  Mercury,  or  the  angle  CAS,  be  obferved ; as  radius  to 
the  fine  of  CAS,  fo  is  AS  to  CS  or  LS.  If  AS,  the  fun’s  diftance  from  the  earth,  be  fuppof- 
ed  to  be  divided  into  1000  equal  parts,  the  diftance  of  Mercury  will  in  this  manner  be  found 
to  be  387,  and  that  of  Venus  723, 
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PROP.  CXXXV.  To  determine  the  relative  diftances  of  the  fuperior 
planets  from  the  fun. 

Let  S be  the  fun,  nig  the  orbit  of  the  earth,  OPQ^  the  orbit  of  Mars,  and  NKG  a part  of  Plate  io. 
a great  circle  in  the  heavens,  in  which  the  planet  appears  to  have  a retrograde  motion  ; let  P F‘s'  11 
be  the  place  of  Mars.  Whilft  the  earth  is  palling  in  its  orbit  from  k to  n,  Mars  will  appear 
to  move  from  K to  N.  The  angle  of  retrogradation  KPN  is  then  known  by  obfervation.  To 
this  the  vertical  angle  »PS  is  equal.  In  the  triangle  »SP,  the  angle  at  n is  a right  angle  -,  the 
angle  ;;PS  is  the  angle  of  retrogradation  which  is  known,  whence  the  other  angle  wSP  is 
known,  and  the  ratio  of  the  fides  of  the  triangle  to  each  other  is  known  : whence  the  ratio  of 
S « to  SP  is  found.  If  the  mean  diftance  of  the  earth  from  the  fun  be  called  1000,  that  of 
Mars  will  be  found  to  be  1523,  that  of  Jupiter  5201,  and  that  of  Saturn  9538. 

PROP.  CXXXVI.  To  find  the  parallax  of  the  fun  by  the  tranfit  of  Venus. 

Let  FIG  be  the  earth,  L Venus,  and  S the  fun.  To  an  obferver  at  I,  Venus  will  appear  Platen, 
juft  entered  upon  the  fun’s  difc  at  C,  and  its  apparent  place  in  the  heavens  will  be  CK  But  *‘S-  a- 
at  the  fame  infant  to  a fpeclator  at  G it  will  appear  above  the  fun  in  the  right  line  GLN. 

The  angle  NLQ^,  or  BLG,  is  the  horizontal  parallax  of  Venus-,  and  the  angle  BCG,  or 
its  equal  TCQ^,  is  the  fun’s  horizontal  parallax.  Becaufe  the  plane  of  Venus’s  orbit  is  in- 
clined to  the  plane  of  the  ecliptic,  this  planet,  in  its  inferior  conjunction,  will  commonly  pafs 
northward  or  fouthward  of  the  fun;  but,  when  the  inferior  conjunction  happens  at,  or  very 
near,  one  of  the  nodes,  it  will  pafs  over  the  fun’s  difc.  If,  at  the  time  of  this  tranfit,  a fpec- 
tator  at  I,  and  another  at  G,  (at  the  difance  of  90  degrees,  in  longitude,  from  each  other)  pb- 
ferve  the  exact  time  of  the  total  ingrefs  of  the  planet,  the  difference,  between  the  actual  time 
of  ingrefs,  and  the  time  at  which  the  ingrefs  would  have  happened  without  any  parallax,  be- 
ing known,  and  (by  Prop.  XXVII.)  converted  into  parts  of  a degree,  the  horizontal  parallax 
of  Venus,  ILG,  may  be  found.  Or,  if  feveral  different  obfervations  of  the  time  of  ingrefs  be 
made  at  different  places,  after  due  allowance  is  made  for  difference  of  longitude  and  latitude 
at  thofe  places,  the  parallax  of  Venus  at  that  time,  and  thence  its  horizontal  parallax,  will  be 
accurately  difeovered. 

If  two  obfervations  of  this  angle  be  taken  at  the  fame  time  on  oppofite  meridians,  the  er- 
rors attending  the  obfervations  may  ferve  to  correct  each  ether.  For,  fuppofe  MO  to  be  a part 
of  the  orbit  of  Venus,  and  V,  v,  u,  the  planet  in  different  fituations.  The  time  in  which  Ve- 
nus will  pafs  through  fuch  an  arc  V v of  its  orbit,  as  when  viewed  from  the  earth  fubtends  an 
equal  angle  with  the  diameter  or  chord  CD  of  the  fun  being  found,  and  alfo  the  arc  V v ; let 
a fpeeSfator  on  the  earth’s  furface  view  the  planet  juft  entering  within  the  fun’s  difc  at  C.  If 
the  earth  remained  at  reft,  tire  fpe&ator  would  fee  the  planet  palTing  over  the  difc  in  the  line 
CD,  whilft  in  its  path  it  deferibes  V v : hut  becaufe  he  is,  in  the  mean  time,  by  the  earth’s 
diurnal  revolution,  carried  from  A towards  P,  at  the  inflant  when  he  foes  the  planet  pafTing 
off  the  fun’s  difc  at  D,  the  planet  is  advanced  in  its  orbit  to  U.  Confequently,  the  tranfit  will 
be  to  this  obferver  as  much  longer  than  the  computed  time,  as  the  heliocentric  arc  VU  is  long- 
er than  Vv.  If  another  obfervation  of  the  fame  kind  be  taken  at  the  fame  time  on  the  oppo- 
fite meridian,  where  the  fpeclator  is  carried  in  a direction  contrary  to  the  former,  the  duration 
of  the  tranfit  will  to  him  be  as  much  fliorter  than  the  computed  time,  as  in  the  other  fitua- 
tion  it  was  longer. 
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The  horizontal  parallax  of  Venus  being  thus  found,  the  fun’s  horizontal  parallax,  on  the 
tlay  of  the  tranfit,  may  be  difeovered  by  Prop.  XXIX.  For,  as  the  fun’s  proportional  dis- 
tance, at  the  tranfit,  from  the  earth  (taking  1000  for  his  mean  diftance)  is  to  the  proportional 
diftance  of  Venus  from  the  earth  at  that  time,  fo  is  the  horizontal  parallax  of  Venus,  ILG, 
to  the  horizontal  parallax  of  the  fun,  ICG,  on  the  day  of  the  tranfit.  Whence  the  fun’s  hor- 
izontal parallax,  at  the  time  of  his  mean  diftance  from  the  earth,  may  be  found  : for  (by  Prop. 
XXIX.)  as  the  fun’s  mean  diftance  from  the  earth,  is  to  his  proportional  diftance  at  the  tran- 
fit, fo  is  his  horizontal  parallax  at  that  time  to  his  mean  horizontal  parallax. 

In  this  manner  the  fun’s  mean  horizontal  parallax  has  been  found,  from  comparing  the 
tranfits  of  Venus  in  1761  and  1769,  to  be  8.65/r.  or  about  8y  feconds.  See  Philofophical- 
TranfaCtions,  Vol.  LXII.  p.  61 1,  and  Fergufon’s  Aftronomy,  Chap.  XXIII. 

Schol.  The  tranfits  of  Venus  happen  but  very  feldom  : the  firft  that  feems  to  have 
been  noticed  was  in  the  year  1639,  by  Mr.  Horrox  and  his  friend  Mr.  Crabtree.  With  a 
view  of  engaging  the  attention  of  future  aftronomers  to  the  above  method  of  determining 
the  fun’s  parallax,  and  thereby  his  real  diftance  from  the  earth,  Dr.  Halley  communicated 
a paper  to  the  Royal  Society  in  the  year  1691,  containing  an  account  of  the  feveral  years 
in  which  fuch  a tranfit  would  happen.  He  particularly  mentioned  thofe  which  would  be 
feen  in  1761  and  17 69,  prefuming  that  on  thofe  periods  this  important  problem  would  be 
folved  with  great  accuracy.  No  other  tranfit  will  happen  until  the  year  1874. 

Except  fuch  tranfits  as  thefe,  Venus  exhibits  the  fame  appearance  to  us  regularly  every 
eight  years  ; her  conjunctions,  elongations,  and  times  of  rifing  and  fetting,  being  nearly  the 
lame,  on  the  fame  days  as  before. 

PROP.  CXXXVIL  To  find  the  diftance  of  the  fun  from  the  eartfii 

In  the  triangle  AHC,  fuppofe  FI  to  be  the  fun.  As  the  fine  of  8 y feconds,  the  horizontal 
parallax  of  the  fun  AFIC,  is  to  radius,  fo  is  the  femidiameter  of  the  earth  AC,  which  is 
found  by  menfuration  to  be  3985  Englifli  miles,  to  the  number  of  femidiameters  of  the 
earth  contained  in  the  diftance  of  the  fun  from  the  earth.  Flence  the  fun’s  diftance  from  the' 
earth  is  found  to  be  about  95,173,000  Englifli  miles ; for  by  log.  we  have  5.621914  (fine 
of  8".  65)  : 10.000000  : : 3.600428  ( log.  of  3985  ) : 95,173,000  miles;- 

PROP.  CXXXVIII.  To  meafure  the  diftance  of  Mercury  or  Venus 
from  the  fun. 

Let  S be  the  fun,  E the  earth,  and  M Mercury  or  Venus.  Meafure  the  angle  SEM,  and 
obferve  accurately  the  time  when  this  meafure  is  taken.  When  Mercury  has  made  one 
revolution,  and  arrives  at  the  fame  point  M,  the  earth  will  be  in  fome  other  part  of  its 
orbit,  as  R ; meafure  at  that  time,  the  angle  SRM,  and  obferve  the  time  when  the  meafure 
is  taken. 

By  thefe  two  obfervations  the  time  in  which  the  earth  pafles  from  E to  R,  is  known  : 
hence,  as  1 year  is  to  the  time  employed  in  palling  from  E to  R,  fo  are  360  degrees  to  the 
arc  ER  : whence  the  arc  ER,  and  the  angle  ESR,  are  found.  In  the  triangle  EbR  the 
fides  SE,  SR,  (the  diftance  of  the  fun  from  the  earth)  being  known,  and  alfo  the  contained 
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angle  RSE,  let  the  angles  at  the  bafe  SER,  SRE,  and  the  bafe  RE,  be  found.  Then  from 
the  known  angle  SER  take  away  the  angle  SEM,  which  is  alfo  known,  there  will  remain 
MER  ; and  from  the  known  angle  SRE  take  away  the  known  angle  SRM,  there  will  re- 
main MRE.  The  two  angles  MER,  MRE,  being  thus  found,  the  third  angle  RME  is 
alfo  known ; and  the  fide  RE  is  known.  Wherefore,  the  fine  of  the  angle  RME  is  to  the 
fide  RE,  as  the  fine  of  the  angle  MRE  is  to  the  fide  ME,  or  as  the  fine  of  the  angle  MER 
is  to  the  fide  MR.  In  the  triangle  SRM,  the  fides  RS,  RM,  being  thus  found,  the  fum  of 
the  two  fides  RS,  RM,  is  to  their  difference,  as  the  tangent  of  half  the  fum  of  the  angles 
at  the  bafe  RSM,  RMS,  is  to  the  tangent  of  half  their  difference.  To  half  the  fum  add 
half  the  difference,  and  the  greater  angle  at  M is  found  ; and  from  half  the  fum  take  away 
half  the  difference,  and  the  leffer  angle  at  S is  found.  Whence,  the  fine  of  the  angle  at' 
M is  to  the  fide  RS,  or  the  fine  of  the  angle  at  S is  to  the  fide  RM,  as  the  fine  of  the  angle 
at  R is  to  the  bafe  SM,  which  is  the  diftance  required, 

PROP.  CXXXIX.  To  meafure  the  diftance  of  Mars  from  the  fun. 

Let  S be  the  fun,  E the  earth,  and  M Mars.  Meafure  the  angle  SEM  : When  Mars  has 
made  one  revolution,  obferve  the  place  of  the  earth  in  its  orbit  R,  and  meafure  the  angle 
SRM.  Having  found  as  before  the  arc  ER,  and  the  angle  ESR,  in  the  triangle  ESR,  in 
which  the  two  fides  SE,  SR,  and  the  contained  angle  ESR,  are  known,  let  the  angles  at 
the  bafe  SER,  SRE,  and  the  bafe  RE,  be  found.  If  from  the  angle  SEM  (which  has  been 
obferved)  be  taken  SER,  there  remains  REM  ; and  if  from  the  angle  SRM  (which  has 
been  obferved)  be  taken  SRE,  there  remains  ERM.  Whence,  in  the  triangle  RME,  the 
angles  at  R and  E being  found,  the  third  angle  is  known : and  the  fine  of  the  angle  at  M is 
to  the  fide  RE,  as  the  fine  of  the  angle  at  E is  to  the  fide  RM.  Wherefore,  in  the  triangle 
SRM,  the  two  fides  of  which,  RS,  RM,  and  the  contained  angle  at  R,  are  known  ; whence, 
as  in  the  preceding  Propofition,  the  two  angles  at  the  bafe  S,  M,  and  laftly  the  bafe  SM, 
which  is  the  diftance  required,  may  be  found. 

PROP.  CXL.  To  meafure  the  diftance  of  Jupiter  or  Saturn  from  the 
fun  by  their  fatellites. 

Let  S be  the  fun,  E the  earth,  and  J Jupiter.  Firft,  obferve  the  inftant  in  which  the 
Satellite  R difappears  behind  Jupiter,  and  the  inftant  in  which  it  again  appears  : then, 
dividing  the  intermediate  time  into  two  equal  parts  ; this  will  give  the  inftant  in  which  the 
earth  E,  Jupiter  I,  and  the  fatellite  R,  are  in  one  right  line  EID.  Next,  obferve  the  in- 
ftant in  which  the  fatellite  difappears  behind  the  ftiadow  of  Jupiter,  and  the  inftant  in  which 
k again  appears ; and  divide  the  time  between  thefe  inftants  into  two  equal  parts  to  find  the 
inftant  in  which  the  Satellite  is  in  the  midft  of  the  ftiadow,  that  is,  in  which  the  Sun, 
Jupiter  and  the  Satellite  form  a right  line  SIR.  Hence,  the  time  taken  up  in  palling  from 
D to  R is  known  : whence,  the  time  of  the  entire  revolution  of  the  Satellite  is  to  360  de-' 
grees  as  the  tunc  employed  in  paffing  from  D to  R is  to  the  arc  DR.  Thus  the  arc  DR, 
and  the  angles  RID,  LIS,  are  found.  Laftly,  having  taken  an  obfervation  of  the  angle  IESj 
the  other  angle  ESI  is  found  ; and  the  fide  ES,  the  earth’s  diftance  from  the  fun,  is  known  : 
whence,  the  fine  of  the  angle  EIS  is  to  the  fide  ES,  as  the  fine  of  the  angle  IES  is  to  the 
fide  IS,  the  diftance  required.  PROP. 
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OF  ASTRONOMY.  Book VII.  Part  I0 
PROP.  CXLI.  To  meafure  the  diftance  of  any  planet  from  the  fun. 

Becaufe  the  real  diflances  of  the  planets  from  the  fun  are  as  their  proportional  diftances  ^ 
ns  the  proportional  diftance  of  the  earth  from  the  fun  is  to  the  proportional  diflance  of  any 
ocher  planet  from  the  fun,  fo  is  the  real  diftance  of  the  earth  from  the  fun  in  miles,  to  the 
real  diftance  of  any  other  planet  from  the  fun  in  miles. 

Hence  are  found  the  diftances  of  the  planets  from  the  fun  in  Englifii  miles.  Mercury, 
36,841,468  ; Venus,  68,891,486  ; Mars,  145,014,148  ; Jupiter,  494,990,97 6 ; Saturn, 
907,956, 130  ; and  the  Ilerfchel,  1800,000,000. 

PROP.  CXLII.  The  horizontal  parallax  of  any  planet  being  given  5 
to  find  its  diftance  from  the  earth. 

Let  H be  the  planet,  whofe  horizontal  parallax  AHC  is  known.  The  femidiameter  of 
the  earth  AC  being  known,  in  the  triangle  CAH  the  fine  of  the  angle  AHC  is  to  the  fide 
AC,  as  the  fine  of  the  angle  If  AC  is  to  the  fide  HC,  the  diftance  fought. 

PROP.  CXL1II.  The  diftance  of  any  planet  being  given,  to  meafure 
its  real  magnitude. 

Let  A be  the  earth  and  C the  centre  of  any  planet  ; and  let  the  diftance  CA  be  known. 
S.uppofe  two  right  lines,  AB,  AD,  drawn  tangents  to  the  planet,  the  angles  CBA,  CD  A, 
are  right  angles  ; therefore  the  fquare  of  AC  is  equal  t<j  the  two  fquares  of  AB  and  BC 
together.  The  fame  fquare  of  AC  will  alfo  be  equal  to  the  two  fquares  of  AD  and  CD. 
And  fince  the  fquare  of  the  radius  CB  is  equal  to  the  fquare  of  the  radius  CD,  (on  account 
of  the  fpherical  figure  of  the  planets)  the  fquare  of  the  tangent  AB  is  equal  to  the  fquare  of 
the  tangent  AD,  and  the  tangent  AB  to  the  tangent  AD.  Hence  the  two  triangles  ABC, 
ADC,  are  equal,  and  confequently,  the  angles  BAC,  CAD,  are  equal.  The  angle  BAD 
being  meafured  by  a micrometer,  its  half  BAC  is  known  ; whence,  in  the  triangle  ABC, 
the  fine  of  the  angle  at  B,  which  is  a right  angle,  is  to  the  fide  AC,  as  the  fine  of  the 
angle  at  A is  to  the  fide  BC.  The  radius,  and  confequently  the  diameter  of  the  planet, 
being  thus  found ; b.ecaufe  fpheres  are  as  the  cubes  of  their  diameters,  its  magnitude  is 
known  by  finding  the  cube  of  its  diameter, 

Schol.  In  Plate  14.  Fig.  4,  we  have  a view  of  the  proportional  magnitudes  of  the 
planets  Mercury,  Venus,  the  Earth  and  Moon,  Mars,  Jupiter  and  Saturn,  according  to 
Eergufon  ; with  the  addition  of  Ilerfchel.  In  proportion  to  thefe  figures  of  the  planets^ 
the  fun’s  diameter  is  about  two  feet. 

PROP.  CXLIV.  To  find  the  periodical  time  of  a planet, 

Becaufe,  whilft  any  planet  is  performing  its  revolution  the  earth  is  carried  forward  in  its 
path,  the  planet,  after  one  greateft  elongation,  muft  not  only  complete  a revolution,  but 
likewife  the  whole  angular  fpace  which  the  earth  deferibed  in  that  time,  before  it  arrives 
again  at  the  fame  elongation,  Thus,  before  Venus  can  return  to  the  fame  elongation, 
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befides  performing  an  entire  revolution  in'  its  orbit,  (equal  to  4 right'  angles)  it  mud  pafs 
through  as  much  more  angular  fpace,  as  the  earth  has  done  in  the  mean  time.  Hence,  as 
the  angular  motion  of  Venus  is  to  the  angular  motion  of  the  earth  in  the  time  between  the 
greateft  elongation  and  its  return,  fo  is  the  periodical  time  of  the  earth  to  the  periodical 
time  of  Venus.  In  this  manner  the  periodical  times  of  all  the  planets  may  be  found. 

Or,  obferve  when  a planet  is  in  any  point  of  its  orbit,  and  after  any  number  of  revolu- 
tions, oblcrve  when  it  comes  to  the  fame  point  again  ; then  divide  that  interval  of  time  by 
the  number  of  revolutions,  and  you  get  the  time  of  one  revolution.  The  obfervations  of 
ancient  aftrohomers  are  here  very  ufeful ; for  as  they  have  put  down  the  places  of  the  planets 
from  their  own  obfervations,  by  comparing  them  with  the  places  obferved  now,  we  take  in 
a very  great  number  of  revolutions,  and,  therefore,  if  we  divide  the  interval  of  time  by  the 
number  cf  revolutions,  Ihould  a fmall  error  be  made  in  the  whole  time,  it  will  affedt  fo 
much  lefs  the  time  of  one  revolution.  The  periodical  times  of  the  planets  will  be  found  in 
the  table  at  the  end  of  the  chapter. 

Con.  Becaufe  the  fquares  of  the  periodical  times  of  the  planets  were  found  by  Kepler 
fo  be  as  the  cubes  of  their  diftances,  the  periodical  times  of  any  two  planets  being  known, 
and  the  comparative  or  real  diftance  of  one  of  them  from  the  fun  being  given,  the  diftance 
Of  the  other  may  from  this  proportion  be  found. 

PROP.  CXLV.  To  find  the  mean  velocities  of  the  planets. 

The  periodical  time  of  a planet  being  known,  and  alfo  its  diameter,  and  confequently  its 
circumference,  (for  the  diamvter  of  a circle  is  to  its  circumference  nearly  as  113  to  355) 
its  mean  velocity,  or  the  velocity  with  which  it  would  move  if  its  motion  were  uniform, 
mnv  be  thus  found  : As  the  whole  periodical  time  of  the  planet  is  to  an  hour,  fo  is  the 
whole  circumference  of  its  orbit  to  the  angular  fpace  palled  over  in  an  hour.  Thus  it  is 
found,  that  the  mean  horary  velocity  of  the  earth  is  68,216.9  Englilh  miles.  In  like  man- 
ner, the  horary  velocity  of  the  other  planets  may  eafdy  be  found. 

Cor.  By  comparing  this  propofition  with  Cdr.  Prop.  CXVII.  the  velocity  of  light  will 
be  found  to  be  the  velocity  of  the  earth-  in  its  orbit  as  10632  to  1. 

PROP.  CXLVI.  The  planets  revolve  round  their  axes. 

It  is  found  by  obfervation,  that  the  earth  revolves  about  its  axis  in  23I1.  36'.  4".  mean  folar 
time  : Saturn  in  i2h.  13'.  \ : Jupiter  in  9I1.  56'.:  Mars  in  24I1.  40'.  : Venus  in  23b.  20'. 

The  fun  is  found  to  revolve  on  his  axis  in  23d.  ioh. 

The  time  of  Saturn’s  rotation  is  computed  from  the  ratio  of  its  diameters,  which  Dr. 

Herfchel  makes  to  be  about  1 1 to  10.  The  time  of  the  rotation  of  the  other  planets,  is  not 
known  nor  has  it  yet  been  determined  whether  they  do  revolve  about  their  axes. 

Schol.  The  following  Table  contains  a fynoplis  of  the  diftances,  magnitudes,  periods,  See. 
of  the  feveral  planets,  according  to  obfervations  made  down  to  the  year  1784. 
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TABLE  of  planetary  MOTIONS,  DISTANCES,  &c. 


Anno  1784. 

Mercury. 

Venus. 

Earth. 

Mars. 

Jupiter. 

Saturn. 

HerfcheL 

Greatcft  Elongation 
of  the  inferior,  and 
Parallax  of  fupcrior 
Planets. 

O / 

28  20 

O ' 

47  48 

* * 

O 1 

47  24 

0 ' 
11  5i 

O / 

6 29 

O 1 

3 44: 

Periodical  Revolu- 
tions round  the  Sun. 

d.  h.  m. 

87  23  15.2 

d.  h.  m. 
224  16  49J 

d.  h.  m. 
365  6 9 "4 

d.  h.  m. 
686  23  30J 

d.  h.  m. 
4332  8 ji£ 

d.  h.  m. 

10761  14  36^ 

d.  h, 
30445  *8 

Diurnal  Rotations 
upon  their  Axe3. 

* * * 

h.  m. 
23  22 

h.  m.  s. 
23  J6  4 

h.  in.  s. 
24  39  22 

h m. 
9 56 

h.  m. 
12  13^ 

* * 

Inclinations  of  their 
Orbits  to  the  Ecliptic. 

0 ' 
7 0 

0 ' 

3 23* 

* * 

0 ' 

1 51 

0 / 

1 195 

O / 

2 3°| 

/ •• 
48  0 

Place  of  their  afeend- 
ing  Node. 

s 0 ' 

1 15  46J 

s 0 ' 

2 14  44 

* * * 

s 0 ' 

* *7  59 

c O / 

3 8 50 

s 0 - 

3 21  48 l 

s 0 r 

3 13  1 

Place  of  the  Aphe- 
lion, or  Point  far  theft 
from  the  Sun. 

s 0 ' 

8 14  13 

s 0 ' 

10  9 38 

s 0 ' 

9 9 *55 

c O / 

J 1 6J 

s 0 ' 

6 10  J7| 

s P ' 

9 0 45s 

j s P ' 

11  23  23 

Greateft  apparent  Di- 
ameters feen  from  the 
Earth. 

/' 

II 

n 

J8 

# * 

// 

25 

/'/ 

46 

u 

20 

• 11 

4 nearly 

Diameters  in  Englifh 
Miles,  that  of  the  Sun 
being  883:417. 

3222 

7687 

7964 

4189 

89170 

79042 

34217 

Proportional  mean 
Diftances  from  the 
Sun. 

38710 

72333 

I OOOOO 

-52369 

520098 

953937 

1903421 

Mean  Diftances  from 
the  Sun  in  femidi- 
ameters  of  the  Earth. 

£210 

17210 

23799 

36262 

123778 

227028 

453000 

Mean  Diftances  from 
the  Sun  in  Englifh 
Miles. 

37  millions 

68  millions 

95  mill. 

144  millions 

490  millions 

900  millions 

1800  mill. 

Eccentricities,  or  Dif- 
tance  of  the  Focus 
from  the  Centre. 

7960 

510 

1680 

14218 

25  277 

53163 

4759 

Proportion  of  Light 
and  Heat ; that  of  the 
Earth  being  100. 

668 

191 

100 

43 

3-7 

I.X 

0.276 

Proportion  of  Bulk ; 
that  of  the  Sun  being 
1380000. 

I 

T 7 

8 

I 

7 

IT 

if 

1000 

90 

Proportion  of  Den- 
fity ; that  of  the  Sun 
being  J. 

a 

* 

I 

» 

•7 

•23 

.02 

* 
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Of  the  Causes  of  the  CELESTIAL  MOTIONS  and  of 

other  Phenomena. 

CHAP.  I. 

Of  the  Cause  of  the  Revolutions  of  the  Heavenly  Bodies  in  their 

Orbits. 

PROP.  CXLVII.  The  moon  is  retained  in  its  orbit  by  a force  which 
impels  it  towards  the  centre  of  the  earth. 

Since  (by  Book  II.  Prop.  I.)  the  moon,  or  any  other  planet,  being  put  into  motion,  would 
continually  move  on  uniformly  in  a right  line,  there  mult  be  fome  force  which  draws  it  from 
its  re£tilineal  path.  Whatever  this  force  is,  fince  it  is  found  by  obfervation  that  the  moon  by 
a radius  drawn  to  the  earth’s  centre  defcribes  equal  areas  in  equal  times,  it  follows  (from 
Book  II.  Prop.  LXXIII.)  that  it  is  impelled,  by  that  force,  towards  the  earth’s  centre.  The 
earth  indeed  is  not  at  reft  •,  but  becaufe  both  the  moon  and  earth  revolve  round  the  fun,  the 
motion  of  the  moon  with  refpedt  to  the  earth  is  the  fame  as  if  the  earth  were  at  reft. 

PROP.  CXLVIII.  The  force  which  retains  the  moon  in  its  orbit  is, 
at  different  diftances  from  the  earth,  inverfely  as  the  fquares  of  thofe  dis- 
tances. 

The  moon’s  orbit  being  an  ellipfe,  which  has  the  earth  in  one  of  its  foci,  the  force  which 
retains  it  in  its  orbit,  muft  (by  Book  II.  Prop.  LXXXI.)  in  different  parts  of  the  orbit  be  in- 
verfely as  the  fquares  of  the  diftances  from  the  earth. 

PROP.  CXLIX.  The  moon  is  retained  in  its  orbit  by  a force  which 
carries  it  towards  the  earth  with  the  fame  velocity  with  which  a body  a£f> 
ed  upon  by  gravitation  at  the  diftance  of  the  moon,  would  fall  towards  the 
earth. 

Let  AER  be  the  earth,  PLV  a part  of  the  moon’s  orbit,  LC  an  arc  which  the  moon  de-  11 
fcribes  in  its  orbit  in  one  minute  of  time.  Since  the  moon  defcribes  its  whole  orbit  in  27 
days  7 hours  43  minutes,  that  is,  in  39343  minutes,  the  length  of  the  arc  LC,  which  the 
moon  defcribes  in  one  minute,  is  the  T7T4T  Part  °f  360°.  or  33"*  R the  moon  fetting  out 
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from  L,  were  not  impelled  towards  the  earth,  it  would  move  in  the  right  line  LB.  Since 
therefore  it  moves  in  the  arc  LC,  there  muft  be  a force  impelling  it  towards  the  earth’s  centre 
which  draws  it  from  the  tangent  LB",  fo  that,  at  the  end  of  t minute,  when  it  is  arrived  at  C, 
it  will  have  departed  from  the  tangent  as  far  as  BC,  or  LD  : or,  becaufe  the  moon  defcribts 
the  diagonal  LC  in  i minute,  it  would  in  the  fame  time,  by  the  proje&ile  force,  defcribe  LB, 
and  by  the  centripetal,  LD.  LD  is  then  the  fpace  through  which  the  centripetal  force  makes 
the  moon  fall  towards  the  earth  in  i minute  ; and  LD  is  the  verted  fine  of  the  arc  LC,  which 
is  an  arc  of  33".  Therefore  the  force  which  impels  the  moon,  would  make  it  fall,  in  1 min- 
ute of  time,  through  the  verfed  fine  of  an  arc  of  33".  Becaufe  AER,  the  earth’s  circumfer- 
ence, is  found  to  meafure  123249600  Paris  feet,  its  femidiameter  AT  will  be  about  19615800 
fuch  feet.  Since  therefore  the  mean  diftance  of  the  moon  from  the  earth  is  found  to  be  60 
femidiameters  of  the  earth,  AT  multiplied  by  60  will  give  the  length  of  LT  a femidiameter  of 
the  moon’s  orbit,  namely,  1 176948000  feet.  And  as  the  radius  is  to  the  verfed  fine  of  33". 
fo  is  LT  to  LD,  or  nearly  as  1 176948000  to  15^4  Paris  feet,  which  is  nearly  equal  to  1 61 
Englifh  feet,  or  1 pole.  . Therefore,  if  the  moon  were  to  fall  towards  the  earth,  the  centripe- 
tal force  which  impels  it  towards  the  earth  would  make  it  fall  1 pole  in  the  firlt  minute  of  its 
defcent.  But  becaufe  (by  Prop.  CXLVI1I.)  this  centripetal  force  is  inverfely  as  the  fquares 
of  the  dillances,  a body  which  is  at  the  diftance  of  the  moon,  or  60  femidiameters  of  the  earth, 
will  be  attracted  by  a force  as  much  lefs  than  that  at  the  furface,  as  the  fquare  of  60,  or 
3600,  is  greater  than  the  fquare  of  1,  or  1 ; that  is,  the  force  at  the  furface  being  1,  it  will 
be  to  the  force  at  the  diftance  of  the  moon,  as  1 to  and  the  velocities  will  have  the  fame 
ratio.  But  a body  at  the  furface  of  the  earth  falls  through  1 pole  in  a fecond  of  time,  that  is, 
(by  Book  IE  Prop.  XXVI.)  through  3600  poles  in  a minute.  Therefore,  2t  the  diftance  of 
the  moon  the  body  would  fall  through  TjOT  part  of  this  length,  that  is,  through  1 pole  in  a 
minute.  But  it  has  been  {hewn  that  the  moon,  by  its  centripetal  force,  falls  towards  the 
earth  1 pole  in  a minute  : therefore  the  moon  is  retained  in  its  orbit  by  a force  which  moves 
it  with  the  fame  velocity  with  which  a body,  a£ted  upon  by  gravitation,  and  removed  to  the 
diftance  of  the  moon  from  the  earth,  would  fall  towards  the  earth. 

PROP.  CL.  The  moon  is  retained  in  its  orbit  by  the  force  of  gravi- 
tation. 

The  force  which  retains  the  moon  in  its  orbit  agrees  with  gravitation  in  its  direction 
(by  Prop.  CXLVII.)  and  in  its  degree  of  force  ; (by  Prop.  CXLIX.)  it  may  therefore  be 
concluded  to  be  the  force  of  gravitation. 

PROP.  CLI.  The  primary  planets  are  retained  in  their  orbits  by  a 
force  which  impels  them  towards  the  fun. 

It  is  found  by  obfervation,  that  each  of  them,  as  they  revolve  in  their  refpetflive  orbits, 
defcribe,  by  a radius  drawn  to  the  fun,  equal  areas  in  equal  times.  Therefore  (by 
Book  II.  Prop.  LXX1II.)  the  force  which  retains  them  in  their  orbit,  impels  them  towards 
the  fun. 
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PROP.  CLII.  The  forces  which  retain  the  primary  planets  in  their 
refpective  orbits  are,  at  different  diflances  from  the  fun,  inverfely  as  the 
fquares  of  thofe  diflances. 

It  appears  from  obfervation,  that  the  fquares  of  the  periodical  times  of  the  planets  are  as 
the  cubes  of  their  mean  diflances  from  the  fun.  For  example,  Saturn’s  periodical  time  being 
found  to  be  to  Jupiter’s  about  as  30  to  12,  and  the  di (lance  of  the  former  from  the  fun,  to  that 
of  the  latter  nearly  as  9 to  5 ; the  fquares  of  the  times  are  900  and  144  ; which  are  to  one 
another  nearly  as  729  to  125,  the  cubes  of  the  diflances.  This  proportion  takes  place  in 
all  the  primary  planets:  hence  (by  Book  II. -Prop.  LXXIX.)  the  force  by  which  they  are 
retained  in  their  orbits  is  inverfely  as  the  fquares  of  the  diflances. 

Schol.  It  has  been  remarked  in  the  lafl  chapter,  that  Kepler  found  by  obfervation  that 
the  fquares  of  the  periodical  times  of  all  the  primary  planets  are  as  the  cubes  of  their  mean 
diflances  from  the  fun.  Aflronomers  have  fince  found,  that  the  fame  law  holds  good  in 
the  fecondaries  with  refpe£l  to  their  primaries.  To  Sir  I.  Newton  we  are  indebted  for  an 
invefligation  of  this  law  on  phyfical  principles.  Fie  has  demonflrated,  that,  in  the  prefent 
flate  of  nature,  fuch  a law  was  inevitable. 

PROP.  CLIII.  The  primary  planets  are  retained  in  their  orbits  by  the 
force  of  gravitation. 

The  moon  having  been  (hewn  from  the  direction,  and  the  law  of  its  centripetal  force, 
to  be  retained  in  its  orbit  by  gravitation  ; fince  the  primary  planets  are  impelled  towards 
the  fun  (by  Prop.  CLI.)  as  the  moon  is  towards  the  earth,  and  fince  their  centripetal  force 
acts  with  refpe£t  to  the  fun  by  the  fame  law,  by  which  the  force  which  retains  the  moon  in 
its  orbit  adls  with  refpedt  to  the  earth,  namely,  that  this  force  is  inverfely  as  the  fquare  of 
the  diflance  of  the  planet  from  the  fun  ; it  may  be  concluded,  as  in  the  cafe  of  the  moon, 
that  they  are  retained  in  their  orbits  by  the  force  of  gravitation. 

This  follows  likewife  from  their  moving  in  elliptical  orbits,  fince  it  has  been  proved 
(Book  II.  Prop.  LXXXI.)  that  bodies  revolving  in  fuch  orbits  have  their  centripetal  forces 
inverfely  as  the  fquares  of  their  diflances  from  the  centre  about  which  they  revolve. 

PROP.  CLIV.  The  fatellites  of  Jupiter  and  Saturn  are  retained  in 
their  refpedtive  orbits  by  the  force  of  gravity. 

They  are  obferved  to  dcfcribe  equal  areas  round  the  refpe£tive  primaries  in  equal  times, 
and  confequently  (by  Book  II.  Prop.  LXXIII.)  are  impelled  towards  them  ; and  the  forces 
which  retain  them  in  their  orbits,  are  at  different  diflances  inverfely  as  the  fquares  of  thofe 
diflances,  (by  Book  II.  Prop.  LXXXI.)  becaufe  it  lias  been  obferved  that  the  fquares  of  their 
periodical  times  are  as  the  cubes  of  their  diflances  from  their  refpedtive  centres.  There- 
fore the  force  which  retains  the  fatellites  of  Jupiter  and  Saturn  in  their  orbits,  a£l  in  the 
fame  manner,  and  by  the  fame  law,  as  the  force  which  retains  the  moon  in  its  orbit  a£U 
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with  refpeCt  to  the  earth.  But  all  effects  of  the  fame  fort  are,  without  proof  of  the  con- 
trary, to  be  confidered  as  produced  by  the  fame  caufe.  Therefore  the  power  which  retains 
the  fatellites  in  their  orbits  is  gravitation. 


PROP.  CLV.  The  fun  and  any  planet  revolve  round  a common 
centre  of  gravity,  which  remains  at  reft. 

Plate  11.  Let  S be  the  fun,  and  P any  planet,  mutually  attracting  each  other.  If  neither  of  the 
two  bodies  revolved  in  any  orbit,  they  would  move  towards  each  other,  and  would  meet  at 
C their  common  centre  of  gravity  *,  and  during  the  approach  of  thefe  two  bodies,  C their 
common  centre  of  gravity  would  be  at  reft,  by  Book  II.  Prop.  LI.  But  if  the  body  P has 
a projeCtile  force  given  to  it  in  the  direction  IV,  and  if  this  projeCtile  force  and  its  gravita- 
tion towards  S make  it  deferibe  an  orbit  round  S,  (by  Book  II.  Prop.  LXVIII.)  fuch  a pro- 
jeCtile force  will  prevent  the  body  P from  approaching  to  S,  though  it  gravitates  towards  S. 
But  if  S has  not  as  great  a projeCtile  force  given  to  it  at  the  fame  time  in  the  oppofite  direc- 
tion Sr,  then  becaufe  S continues  to  gravitate  towards  P,  and  there  is  no  force  which  can 
prevent  its  approaching  to  P,  it  follows  that  S will  approach  to  P,  or  as  P revolves  round 
S the  mutual  gravitation  of  thefe  two  bodies  will  diminifh  the  diflance  SP.  Now  it  appears 
from  Book  II.  Prop.  LI.  that  C the  common  centre  of  gravity  always  divides  this  diflance 
SP  in  the  inverfe  ratio  of  S to  P,  or  that  SC  is  always  as  much  lefs  than  PC,  as  the  quantity 
of  matter  in  S is  greater  than  the  quantity  of  matter  in  P : eonfequently,  fince  the  quantity 
of  matter  in  S and  in  P is  always  the  fame,  SC  and  PC  have  always  the  fame  ratio  to  one 
another.  But  as  S approaches  to  P,  SC  decreafes.  Therefore  PC  muft  decreafe  in  the 
fame  ratio.  But  PC  can  decreafe  no  otherwife  than  either  by  the  approach  of  P to  C,  or 
by  the  approach  of  C to  P.  But  the  projeCtile  force  prevents  P from  approaching  to  C. 
Therefore  C mull  approach  to  P.  Thus  it  appears  that,  if  P has  a projeCtile  force  given  to 
it,  and  is  made  to  revolve,  unlefs  S has  an  equal  projeCtile  force  given  to  it  at  the  fame 
time,  the  mutual  gravitation  of  thefe  two  bodies  towards  one  another  will  put  C,  which  is 
their  common  centre  of  gravity,  in  motion ; contrary  to  Book  II.  Prop.  LI.  Cor.  There- 
fore as  the  planet  P begins  to  move  in  the  direction  P /,  the  fun  S will  likewife  begin  to 
move  in  the  direction  Sr  ; and  C their  common  centre  of  gravity  will  continue  at  reft.  And 
as  they  tend  mutually  towards  each  other,  or  towards  C their  common  centre  of  gravity, 
their  motions  will  not  continue  to  be  performed  in  right  lines,  but  the  planet  P will  revolve 
round  C in  an  orbit  of  which  PR  is  a part,  and  the  fun  S will  revolve  round  C in  an  orbit 
of  which  SQJs  a part. 

PROP.  CLVI.  The  fun  and  any  planet,  whilft  they  mutually  gravi- 
tate towards  each  other,  deferibe  fimilar  figures  round  their  common  cen- 
tre of  gravity,  and  round  each  other. 

LetS  be  the  fun,  P the  earth,  or  any  other  planet,  and  C their  common  centre  of 
gravity,  about  which  (by  the  laft  Prop.)  they  revolve.  To  a fpeCtator  at  P,  who  imagines 
the  planet  to  be  at  reft,  the  fun  will  appear -to  revolve  about  P,  and  the  reverfe  at  S.  Be" 
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caufe  the  common  centre  of  gravity  of  the  fun  S,  and  any  planet  P,  is  always  in  a right 
line  drawn  from  the  fun  to  the  planet,  if  the  planet  moves  through  any  fmall  fpace  from 
p to  p,  the  line  pC  continued  muft  pafs  through  the  fun  ; and  confequently  the  fun  mult 
have  moved  from  S to  s.  Thus  P p,  S s,  are  arcs  defcribed  by  the  planet  and  fun  in  their 
refpeCtive  orbits  in  the  fame  time,  and  PC p,  SCr,  are  areas  defcribed  in  the  fame  time  by 
the  radii  CS,  CP.  And  becaufe  the  vertical  ahgles  at  C ate  equal,  and  that  SC  is  to  PC 
as  sC  to  pC,  (for  SP,  sp,  are  both  divided  in  C in  the  inverfe  ratio  of  the  quantities  of 
matter  in  P and  S)  the  areas  PC p,  SGr,  are  fimilar.  In  like  manner,  any  other  parts  of 
the  two  orbits  defcribed  in  the  fame  time,  may  be  {hewn  to  be  fimilar  ; confequently,  the 
whole  oibits  are  fimilar. 

Again,  when  P has  completed  its  revolution  round  C,‘  or  A or  A 0f  its  orbit,  it  will 
appear  to  a fpe&ator  at  S,  to  whom  S feems  at  reft,  to  have  completed  its  orbit,  or  A or  ± 
of  its  orbit  round  S.  And  univerfally,  the  angular  motion  of  the  planet  P about  C,  in  any 
given  time,  will  be  equal  to  its  apparent  angular  motion  about  S,  confidered  as  at  reft  by 
a fpedftator  at  S.  If  therefore  the  planet  P in  any  given  time  has  moved  from  P to  p,  in 
which  (by  the  laft  Prop.)  the  fun  S has  moved  from  S to  s,  the  angle  PC/?,  which  is  the 
meafure  of  the  planet’s  angular  motion  about  C,  will  be  equal  to  the  apparent  angular 
motion  round  S.  Let  Si  be  taken  equal  to  sp,  and  make  the  angle  PS/  equal  to  the  angle 
P Cp •,  P will  by  a radius  drawn  to  S apparently  defcribe  the  area  PS/,  whilft,  by  a radius 
drawn  to  C,  it  is  defcribing  the  area  PC/?.  Now,  becaufe  (as  was  before  fhewn)  SC  is  to 
PC,  as  rC  to  pC,  (El.  V.  18.)  SC-j-CP,  or  SP  is  to  PC,  as  rC-j-C/>,  or  sp  is  to  pC  ; and 
sp  is  equal  to  Si  : therefore  PS  is  to  PC,  as  S/  is  to  pC.  Confequently,  the  two  figures 
PC/?,  PS/,  are  fimilar.  In  like  manner  it  may  be  fhewn,  that  any  other  part,  defcribed  in 
any  given  time,  of  the  orbit  the  planet  appears  to  move  in  round  the  fun  confidered  as  at 
reft,  will  be  fimilar  to  other  parts,  defcribed  in  the  fame  time,  of  the  orbit  in  which  the 
planet  moves  round  the  common  centre  of  gravity  of  the  fun  and  the  planet  : therefore  the 
whole  orbits  are  fimilar.  And  fince  the  orbits  which  the  fun,  and  the  planet,  defcribe  about 
their  common  centre  have  been  proved  to  be  fimilar,  it  follows,  that  the  orbit  which  any 
planet  appears  to  defcribe  round  the  fun  confidered  as  at  reft,  is  fimilar  to  the  orbit  which 
the  fun  in  the  mean  time  deferibes  round  the  common  centre  of  gravity. 

In  like  manner  it  might  be  proved,  that  the  orbit  which  the  fun  S appears  to  defcribe  round 
the  planet  P confidered  as  at  reft,  is  fimilar  to  either  of  the  orbits  which  the  planet  and  fun 
defcribe  about  the  centre  of  gravity. 

Cor.  If  the  fun’s  apparent  motion,  feen  from  the  earth,  is  an  ellipfe,  having  the  earth 
in  one  of  its  foci,  the  earth’s  apparent  motion,  feen  from  the  fun,  will  be  in  a fimilar  ellipfe, 
having  the  fun  in  one  of  its  foci  : and  if  the  fun  and  earth  mutually  gravitate  towards  each 
other,  they  defcribe  fimilar  elliptic  orbits  about  their  common  centre. 

PROP.  CLVII.  The  common  centre  of  gravity  of  the  fun  and  all  the 
planets  is  at  reft,  and  is  the  centre  of  the  folar  fyftem. 

Since,  from  the  mutual  gravitation  of  the  fun  and  any  one  planet,  they  will  revolve  about 
their  common  centre  (by  Prop.  CLV.)  the  fame  muft  hold  good  with  refpeift  to  the  fun  and 
all  the  planets.  Confequently,  there  muft  be  fome  one  point  in  the  folar  fyftem  which  is  its 
centre  of  gravity,  and  is  at  reft.  CHAP. 
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PROP.  CLVIII.  The  nearer  the  moon  is  to  its  fyzygies,  the  greater  is 
its  velocity  ; and  the  nearer  it  is  to  its  quadratures,  the  flower  it  moves. 

...  i 

Let  S reprefent  the.  fun,  T the  earth,  and  LMNO  the  orbit  of  the  moon  ; let  the  moon  be 
in  one  of  its  quadratures  at  L,  and  let  the  lines  LS  and  TS  be  drawn.  It  is  obvious,  that  the 
tendency  which  the  moon  has  towards  the  fun  is  along  the  line  LS,  and  that  which  the  earth 
has,  is  along  the  line  TS  : let  then  the  former  of  thefe  be  refolved  into  two  others,  the  one 
along  LA  parallel  and  equal  to  TS,  the  other  from  L to  T,  along  the  line  LT.  The  former 
of  thefe  tendencies  being  parallel  and  equal  to  that  by  which  the  earth  tends  along  the  line 
TS,  alters  not  the  fituation  of  the  two  bodies  L and  T with  refpeft  to  each  other,  that  is,  it 
dilturbs  not  the  motion  of  the  body  L ; but  the  other  along  LT  increafes  its  tendency  towards 
T.  And  this  increafe  will  be  to  the  tendency  the  moon  has  to  A,  which  is  the  fame  which 
the  earth  has  to  S,  as  the  diltance  LT  to  LA,  or  TS  ; that  is,  the  gravity  of  the  moon  towards 
the  earth  in  the  quadratures  is  augmented  by  the  adtion  of  the  fun,  and  that  augmentation  is 
to  the  tendency  which  the  earth  has  to  the  fun,  as  the  length  of  the  line  LT,  or  the  diltance 
of  the  moon  from  the  earth,  to  TS  the  diltance  of  the  earth  from  the  fun. 

Hence  the  greater  the  moon’s  diltanee  is  from  the  earth,  the  diltance  of  the  fun  remaining 
the  fame,  the  greater  will  this  increafe  of  the  moon’s  gravity  towards  the  earth  be.  But  if 
the  diltance  of  the  moon  from  the  earth  remains  the  fame,  and  the  diltance  of  the  fun  be 
augmented,  this  additional  increafe  will  be  the  lefs  in  the  ratio  of  the  cube  of  that  diltance. 
For,  if  TS  be  increafed  while  LT  remains  the  fame,  LT  will  be  fo  much  the  lefs  with  refpedt 
to  TS,  that  is,  the  increafe  will  be  diminifhed  in  the  ratio  of  the  fun’s  diltance  : but  when  TS 
the  diltance  of  the  fun  is  increafed,  the  abfolute  force  of  the  fun,  and  with  it  the  above-men- 
tioned increafe,  will  be  diminifhed  alfo  in  proportion  to  the  fquare  of  that  diltance  ; confe- 
quently,  taking  in  both  confiderations,  it  will  upon  the  whole  be  diminilhed  in  the  ratio  of 
the  cube  of  that  diltance. 

Let  now  the  moon  be  in  one  of  its  fyzygies  at  M,  then  will  the  tendency  it  has  to  the  fun, 
more  than  that  which  the  earth  has,  which  is  farther  off  at  T,  be  to  that  which  the  earth  has, 
as  the  difference  of  the  fquares  of  SM  and  ST  is  to  the  fquare  of  SM  : but  the  difference  be- 
tween the  fquares  of  SM  and  ST  has  nearly  the  ratio  to  the  fquare  of  SM,  which  twice  MT, 
that  is  MO,  has  to  SM  becaufe  the  difference  between  the  fquares  of  two  numbers  w'hofe 
difference  is  very  fmall  with  refpedb  to  either  of  them  (as  the  difference  between  SM  and  ST 
is  with  refpedt  to  the  diltance  of  S)  has  little  more  than  double  the  ratio  to  the  fquare  of  the 
leffer  number,  that  the  difference  between  the  numbers  themfelves  has  to  the  leffer  number. 
The  tendency  therefore  which  the  moon,  when  at  M,  has  to  the  fun,  more  than  that  which 
the  earth  has,  is  to  that  which  the  earth  has,  nearly  at  MO,  or  twice  TL,  to  SM,  or  becaufe  of 
the  fun’s  great  diltance,  as  twice  LT  to  TS.  Her  tendency  therefore  to  the  earth  is  now  di- 
minilhed in  that  ratio  : but  as  was  {hewn  above,  it  was  augmented  in  the  quadratures  in  the 
ratio  only  of  LT  to  TS.  The  diminution  here  is  therefore  nearly  double  of  the  augmenta- 
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tion  there.  And  whereas  that  augmentation,  when  the  diftance  of  the  fun  remains  the  fame, 
was  {hewn  to  increafe  with  the  diftance  of  the  moon  ; but  when  the  diftance  of  the  moon  re- 
mains the  fame,  to  decreafe  with  the  cube  of  the  fun’s  diftance  ; this  diminution  being  always 
nearly  double  of  that,  will  do  the  fame. 

When  the  moon  is  in  the  other  fyzygy  at  O,  it  is  attracted  towards  the  fun  lefs  than  the 
earth  is  by  the  difference  of  the  fquares  of  SO  and  ST  ; which,  in  effect,  is  the  fame  thing 
as  if  the  earth  were  not  attracted  at  all  towards  S,  and  the  moon  were  attracted  the  contrary 
way  ; fo  that  its  tendency  to  the  earth  is  here  alfo  diminifhed,  as  well  as  when  it  was  at  INI, 
and  almoft  in  the  fame  degree  *,  for,  on  account  of  the  fun’s  great  diftance,  the  difference  be- 
tween the  fquares  of  SO  and  S 1?  is  nearly  the  fame  as  between  ST  and  SM. 

Or  thus  : the  annual  courfe  of  the  moon  round  the  fun  being  performed  in  the  fame  time 
that  the  earth’s  is,  it  ought  to  be  retained  in  that  courfe  by  the  fame  force  that  the  earth  is  ; 
whereas  when  the  moon  comes  to  M,  the  action  of  the  fun  upon  it  is  greater  than  it  is  upon 
the  earth,  by  the  difference  of  the  fquares  of  SM  and  S I'  j and  when  the  moon  is  at  O,  it  is 
lefs  than  it  is  upon  the  earth  by  the  difference  between  the  fquares  of  S T and  SO  : fo  that  in 
the  former  cafe  the  moon  is  drawn  too  much  towards  the  fun,  and  in  the  latter  too  little  j and 
therefore  in  both  cafes  its  tendency  towards  the  earth  is  diminifhed,  and  almoft  in  the  fame 
degree  ; becaufe,  as  was  obl’erved  above,  the  difference  of  the  abovementioned  fquares  is  nearly 
the  fame  in  either  cafe. 

Next,  let  the  moon  be  in  a point  of  her  orbit  between  the  quadrature  and  the  fyzygy. 

Then  being  nearer  the  fun  than  the  earth  is,  {he  will  be  attra£led  with  a ftronger  force  : let 
| it  be  expreffed  by  IS  produced  to  D,  till  /D  be  of  fuch  a length,  that  TS  being  put  to  exprefs 
I the  a£tion  of  the  fun  upon  the  earth,  /D  may  exprefs  the  ftronger  force  of  the  fun  upon  the 
moon  : and  let  /D  be  refolved  into  two  others,  one  of  which  let  be  /a,  equal  and  parallel  to 
TS,  then  will  the  other  be  aD,  or  its  equal  and  parallel  /G.  This  /G  is  the  only  difturbing 
force  upon  the  moon  at  L,  the  other  L a being  parallel  to  TS,  affects  the  moon  juft  as  the  fun 
does  the  earth  ; and  thus  alters  not  their  fitu.itions  with  refpedt  to  each  other.  Let  then  this  platen, 
figure  with  the  line  LG  be  transferred  to  fig.  p.  This  force  LG  may  be  refolved  into  LI  ®S-  9- 
and  LH,  the  one  a tangent  to  the  orbit  of  the  moon,  and  the  other  a perpendicular  thereto  : the 
former  accelerates  the  motion  of  the  moon  when  going  from  the  quadrature  at  O to  the  fyzygy 
at  B ; and  will  retard  it  when  going  from  B to  R.  The  other,  when  H falls  upon  TL  produ- 
ced, as  in  this  figure,  diminifhes  the  tendency  of  the  moon  towards  the  earth ; and  when  it 
falls  between  I.  and  T,  it  augments  it. 

Tims  the  nearer  the  moon  is  to  its  fyzygies,  the  greater  will  be  its  velocity ; and  the  nearer 
it  is  to  the  quadratures,  the  flower  it  will  move  ; becaufe  one  of  the  forces  into  which  LG  is 
refolvable,  accelerates  its  motion  from  the  quadrature  to  the  fyzygies  •,  and  retards  it  as  much 
i from  thence  to  the  quadratures. 

Cor.  Hence  the  moon  in  her  monthly  revolution  is,  by  the  a£lion  of  the  fun,  alternately 
accelerated  and  retarded. 

r 

PROP.  CLIX.  The  moon  defcribes  equal  areas  in  equal  times  only  at 

the  fyzygies  and  quadratures,  and  deviates  from  this  law  the  fartheft  in 
the  o&ants. 
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The  difturbitag  force  being  refolved  into  two  others,  one  of  them,  at  the  quadratures,  or 
fyzygies,  will  be  found  to  point  from  or  towards  T the  centre  of  the  earth  directly,  and 
therefore  will  not  hinder  the  moon  from  defcribing  equal  areas  in  equal  times  ; the  other 
likewife,  in  thofe  places  will  be  found  to  tend  towards  the  centre  of  the  fun,  and  therefore 
neither  of  them  will  prevent  the  moon  there  from  defcribing  equal  areas  in  equal  times,  that 
is,  will  not  at  the  quadratures  difturb  the  moon’s  motion  at  all. 

But  when  the  moon  is  in  the  odlants,  as  at  L,  this  force  being  refolved  into  two  others,  one 
of  them,  as  LH,  will  point  direftly  to  or  from  the  centre  of  the  earth,  and  therefore  will  in- 
creafe  or  diminilh  the  moon’s  tendency  towards  the  earth,  but  not  hinder  it  from  defcribing 
equal  areas  in  equal  time.  But  the  other,  as  LI,  or  HG,  points  neither  towards  the  centre  of 
the  earth,  nor  fun,  and  therefore,  in  the  octants,  prevents  its  defcribing  equal  areas  in  equal 
times.  But  this  being  the  mid-way-between  the  quadrature  and  the,  fyzygy,  in  both  which 
places  this  difturbing  force  doth  not  prevent  the  moon  from  defcribing  equal  areas  in  equal 
times,  it  follows,  that  at  the  o£tants,  this  difturbing  force  will  be  greateft  of  all. 

Schol.  Hence  it  has  always  been  found  more  difficult  to  obtain  the  moon’s  place  in  the 
oftants,  fo  as  to  agree  with  obfervation,  than  at  the  quadratures  or  fyzygies. 

PROP.  CLX,  The  orbit  of  the  moon  is  more  curved  in  the  quadra- 
tures, and  lefs  in  the  fyzygies,  than  it  would  be  if  it  were  only  attracted 
by  the  earth. 

For  its  motion  (by  Prop.  CLVIII.)  being  accelerated  during  its  progrefs  from  the  quadra- 
tures  to  the  fyzygies,  in  the  fyzygies  its  motion  will  be  quicker  than  it  ought  otherwife  to  be, 
and  therefore  its  centripetal  force  lefs  than  it  would  otherwife  be.  It  will  therefore  at  the 
fyzygies  deferibe  the  portion  of  a larger  curve,  which  confequentiy  will  be  lefs  curved  than  a 
fmaller.  On  the  other  hand,  while  the  moon  pafl'es  from  the  fyzygies  to  the  quadratures,  its 
motion  is  continually  retarded,  and  therefore,  at  the  quadratures,  its  motion  will  be  flower 
than  it  would  otherwife  be.  At  the  quadratures,  therefore,  the  moon  will  deferibe  the  por- 
tion of  a lefler  curve,  which  therefore  will  be  more  curved  than  a larger  curve. 

PROP.  CLXI.  When  the  earth  is  in  its  perihelion,  the  periodical  time 
of  the  moon  will  be  the  greateft  ; when  the  earth  is  in  its  aphelion,  the 
periodical  time  of  the  moon  will  be  the  leaft. 

Since  the  irregularities  explained  in  the  three  preceding  Propofitions  proceed  from  tire  ac- 
tion of  the  fun,  it  follows,  that  where  the  a£tion  of  the  fun  is  greateft,  the  irregularities  arifing 
from  it  will  be  greateft  too.  But  the  nearer  the  earth  is  to  the  fun,  the  greater  will  be  the  ac- 
tion of  the  fun  upon  the  moon  : and  the  more  the  moon  tends  towards  the  fun,  the  lefs  will 
it  tend  towards  the  earth.  When  therefore  the  earth  is  at  the  perihelion  A,  and  confequentiy 
at  its  leaft  diftance  from  the  fun  S,  the  a&ion  of  the  fun  upon  the  moon  will  be  greateft,  and 
deftroy  more  of  its  tendency  towards  the  earth  than  at  any  other  diftance,  as  SE,  SC, 
SD,  &c.  Therefore  when  the  earth  is  at  the  perihelion  A,  the  moon  will  deferibe  a larger 
orbit  about  the  earth,  than  when  the  earth,  is  at  any  other  diftance  from  the  fun,  and  confe- 
quentiy, her  periodical  time  will  then  be  the  longeft. 


But 
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But  the  earth  is  nt  its  perihelion  in  the  winter,  and  confequcntly,  then  the  moon  will  de- 
fcribe  the  outermolt  circle  about  the  earth,  and  her  periodical  time  will  be  the  longeft  : which 
agrees  with  obfervation.  For  the  fame  reafon,  when  the  earth  is  at  its  aphelion  B,  the  ten- 
dency of  the  moon  towards  the  earth  will  be  the  greateft,  and  confequently,  her  periodical 
time  the  leaf!.  And  in  this  cafe,  which  will  be  in  the  fummer,  it  willdefcribe  the  innermoft 
circle  about  the  earth. 

PROP.  CLXII,  The  line  of  the  moon’s  apfis  goes  forward  when  the 
moon  is  in  fyzygy,  and  backwards  when  it  is  in  quadrature  ; but  it  goes 
farther  forwards  than  backwards  each  time,  fo  that  at  length  it  performs  a 
revolution  according  to  the  order  of  the  figns. 

Since  the  moon  defcribes  an  elliptical  orbit  CEDF  about  the  earth  S,  placed  in  one  of  its  plate  it. 
foci,  and  fince  its  centripetal  force  towards  the  earth,  by  means  of  the  adtion  of  the  fun  (by  F|S-  I0- 
Prop.  CLVI1I.)  is  continually  increafing,  or  decreafing,  but  not  equably,  that  is,  fometimes 
lefs,  and  fometimes  more,  than  in  the  inverfe  duplicate  ratio  of  the  diftance  of  the  moon  from 
the  earth,  therefore,  the  line  of  the  moon’s  apfis  AB  will  be  continually  going  backwards 
or  forwards  ; that  is,  the  axis  AB  will  not  always  lie  in  that  fituation,  but  go  backwards  into 
the  fituation  CD,  or  forwards  into  the  fituation  EF.  Since  however,  taking  one  whole  revo- 
lution of  the  moon  about  the  earth,  the  adtion  of  the  fun  more  diminifhes  the  tendency  of  the 
moon  towards  the  earth  than  it  augments  it,  therefore  the  motion  of  the  apfes  forwards,  ex- 
ceeds their  motion  backwards.  Upon  the  whole,  therefore,  the  apfes  of  the  moon’s  orbit  go 
forwards,  or  according  to  the  order  of  the  figns.  Their  revolution  is  completed  in  about  9 
years. 

PROP.  C'LXIir.  The  excentricity  of  the  moon’s  orbit  is  varied  in  eve- 
ry revolution  of  the  moon,  and  is  greateft  when  the  moon  is  in  fyzygy, 
and  leaft  when  it  is  in  quadrature  : and  the  orbit  is  moft  of  all  excentrical 
when  the  line  of  the  apfis  is  in  the  fyzygies,  and  leaft  of  all  excentrical 
when  this  line  is  in  the  quadratures. 

Becaufe  the  moon  defcribes  an  excentrical  orbit  CEDB  about  the  earth  S,  and  the  action  Plate  ir. 
of  the  fun  upon  it  fometimes  increafes  its  tendency  towards  the  earth,  and  fometimes  dimin-  F‘s'  I0' 
ifiies  it,  that  is,  makes  its  gravity  towards  the  earth  increafe  or  decreafe  too  fall  : if,  while 
the  moon  afeends  from  her  lower  apfis  A,  its  gravity  towards  the  earth  decreafes  too  fall, 
inftead  of  deferibing  the  path  DBF,  and  coming  to  the  higher  apfis  at  B,  it  will  run  out  into 
a curve  beyond  DBF,  that  is,  the  orbit  will  become  more  excentric,  or  farther  from  a circle. 

On  the  other  hand,  if  the  moon  is  palling  from  her  higher  apfis  B,  to  her  lower  A,  and  its 
gravity  towards  the  earth,  by  the  action  of  the  fun,  increafes  too  fait,  it  will  approach  nearer 
to  the  earth  than  the  curve  CAE,  and  deferibe  a curve  within  CAE,  or  a portion  of  an  orbit  lefs 
excentric,  or  nearer  to  a circle,  than  CEDF.  And  if  we  compare  feveral  revolutions  of  the 
moon  together,  we  fiiall  find,  that  when  the  line  of  the  apfis  is  in  the  fyzygies,  the  excentricity 
will  be  the  greateft  of  all,  becaufe  in  that  fituation,  the  difference  between  the  tendency  which 
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the  moon  has  to  the  earth  in  one  of  the  rpfts , and  that  which  it  has  in  the  oppofite  one,  is 
the  gveateft  of  ah  j whereas,  when  the  line  of  theapfisis  in  the  quadrature,  this  difference  is 
the  leafl,  and  therefore  the  lunar  excentricity  will  be  fo  too. 


Cor.  When  the  gravity  of  the  moon  towards  the  earth  decreafes  too  fad,  theexcentrU 
city  of  her  orbit  will  increafe  : and  when  her  gravity  towards  the  earth  increafes  too  fall,  the 
excentricity  of  her  orbit  will  decreafe  ; and  the  orbit  itfelf  will  approach  nearer  to  a circle. 


Plate  il. 
Fig.  n. 


PROP.  CLXIV.  The  line  of  the  nodes  moves  backwards,  but  not  uni- 
formly ; when  it  is  in  the  fyzygies  it  Hands  Hill,  and  moves  fafleH  in  the 
quadratures. 

When  the  line  of  the  nodes  is  in  the  fyzygies,  as  CD,  the  plane  of  the  moon’s  orbit  pafTes 
through  the  centre  of  the  fun  S,  as  well  as  through  that  of  the  earth  E ; whence,  the  dis- 
turbing force  acting  in  the  direction  of  the  line  of  the  nodes,  and  conl'equently  in  the  plane 
of  the  lunar  orbit,  the  moon  is  not  drawn  out  of  the  plane  of  its  orbit  by  the  fun.  But 
when  the  line  of  the  nodes  is  in  any  other  fituation,  and  the  moon  not  in  one  of  the  nodes, 
it  is  continually  drawn  out  of  the  plane  of  its  own  orbit,  on  that  fide  on  which  the  fun  lies. 
For  inftance,  if  the  plane  of  its  orbit  CGDF  produced  pafles  above  the  fun,  the  fun  draws 
it  downwards  ; if,  on  the  contrary,  the  plane  of  its  orbit  produced  pafles  below  the  fun,  it 
draws  it  upwards.  Hence  it  follows,  that  when  the  line  of  the  nodes  is  not  in  the  fyzygies, 
and  the  moon  having  pafled  either  of  the  nodes,  has  got  out  of  the  plane  of  the  ecliptic  AC' 
BD  on  either  fide  of  it,  the  a£!ion  of  the  fun  occafions  the  moon  to  return  back  to  the  plane 
of  the  ecliptic  fooner  than  it  otherwife  would  do.  But  where  the  moon  enters  that  plane, 
there  is  the  next  node  ; fo  that  each  node  does,  as  it  were,  come  towards  the  moon  : and’ 
the  nearer  the  line  of  the  nodes  is  to  the  quadratures,  the  greater  is  this  efleft,  becaufe, 
in  that  cafe,  the  fun  is  the  fartheft  of  all  from  the  plane  of  the  lunar  orbit  produ- 
ced. So  that  the  line  of  the  nodes  goes  backwards  the  faftelt  of  all,  when  it  is  in  the  quad- 
ratures and  not  at  all  in  the  fyzygies. 


PROP.  CLXV.  The  inclination  of  the  lunar  orbit  is  liable  to  change, 
and  is  greateH  when  the  nodes  are  in  the  fyzygies,  and  leaH  when  they  are 
in  the  quadratures. 

Plate  ii.  When  the  nodes  are  in  the  quadratures  A,  B,  and  the  moon  in  its  orbit  AGBF  has  pafled 
Flg'  I2‘  A,  and  is  approaching  the  fyzygy  which  is  next  to  the  fun,  the  a&ion  of  the  fun  upon  the 
moon  prevents  its  afeending  fo  high,  that  is,  departing  fo  far  from  the  plane  of  the  ecliptic 
ADBC  ; whence  the  inclination  of  its  orbit  to  the  ecliptic  will  become  lefs,  and  it  will 
come  to  conjun&ion  with  the  fun  at  H,  making  an  angle  with  the  ecliptic  HAD,  lefs 
than  GAD.  As  the  moon  goes  on  to  the  next  quadrature  B,  the  adlion  of  the  fun  upon 
the  moon,  in  its  defeent  towards  the  node,  haftens  its  defeent,  and  thus,  bringing  it  down 
to  the  ecliptic  at  K fooner  than  it  would  otherwife  arrive  there,  increafes  the  inclination  of 
the  plane  of  its  orbit  as  much  as  it  was  diminilhed  in  afeending  from  A to  H.  And  for  the 
fame  reafon,  while  the  moon  pafles  from  B to  the  oppofite  fyzygy  F,  the  aftion  of  the  lun 
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decreafes  the  inclination  of  its  orbit,  and  increafes  it  again  on  its  paflage  from  thence  to  A 
the  next  quadrature. 

When  the  nodes  are  in  the  fyzygies,  C,  D,  the  plane  of  the  moon’s  orbit  produced,  paffes 
through  the  centre  of  the  fun  ; and  confequently,  not  being  affedbed  by  the  addion  of  the 
fun,  its  inclination  is  neither  increafed  nor  diminilhed. 

But  while  the  nodes  are  palling  from  the  fyzygies  C,  D,  to  the  quadratures  A,  B,  the 
inclination  of  the  moon’s  orbit  is  diminifhed  in  every  revolution  of  the  moon  ; and  while 
they  are  palling  from  thence  to  the  fyzygies,  it  is  continually  increafmg.  Suppofe  the 
nodes  in  the  oddants  at  O and  L,  and  the  plane  of  AGBF,  the  orbit  of  the  moon,  fo  inclin- 
ed to  ADBC,  the  ecliptic,  that  if  produced  it  will  pafs  above  the  fun  S.  When  the  moon 
is  nearer  the  fun  than  the  earth  is,  it  is  nttrndbed  towards  the  fun  more  than  the  earth  is; 
and  when  farther  off,  the  earth  is  attradbed  more  than  the  moon  is,  that  is,  the  moon  is  as 
it  were  attracted  the  other  way.  Hence,  whilft  the  moon  is  afcenditig  from  the  ecliptic  in 
palling  from  O to  P,  the  difturbing  force  being  towards  S,  and  the  orbit  above  S,  the  moon 
will  not  rife  fo  high  as  P,  and  the  inclination  of  its  orbit  will  be  diminifhed  while  it  is 
palling  over  90  degrees  from  the  node  O.  In  going  from  a point  below  P to  the  next 
quadrature  B,  which  is  45  degrees,  the  difturbing  force  being  (till  towards  S,  becaufe  the 
moon  is  as  yet  nearer  the  fun  than  the  earth  is,  and  the  moon  now  defending  towards  the 
ecliptic,  the  attraction  of  the  fun  will  haften  its  defeent,  and  therefore  caufe  it  to  move  in 
a plane  which  will  make  with  the  plane  of  the  ecliptic  a larger  angle  than  before  ; that  is, 
in  palling  from  P to  B the  inclination  of  the  orbit  is  increafed.  But  when  the  moon  has 
palled  B,  and  is  moving  towards  L,  the  difturbing  force  adding,  in  the  plane  of  the  ecliptic, 
from  the  fun,  and  the  moon  Hill  defcend'mg  towards  the  ecliptic,  the  difturbing  force,  at- 
tracting the  moon  upwards,  will  retard  its  defeent  to  the  ecliptic,  and  caufe  it  to  move  in 
a plane  which  will  make  a lefs  angle  with  the  plane  of  the  ecliptic  than  before  ; that  is, 
while  it  is  paffing  from  B to  the  node  L,  the  inclination  of  its  orbit  is  diminifhed.  Thus, 
while  the  moon  paffes  from  O to  L,  the  inclination  of  its  orbit  is  diminilhed  during  three 
fourths  of  the  paffage.  In  like  manner,  while  the  moon  is  f ending  from  L to  I,  becaufe 
the  difturbing  force  zQ.sfrjm  the  fun,  the  inclination  of  its  orbit  is  diminilhed  ; and  while 
it  is  defending  from  I to  A,  the  difturbing  force  Hill  adding  from  the  fun,  the  inclination  is 
increafed.  But  while  it  is  Hill  defeending  from  A to  O,  becaufe  the  difturbing  force  adds 
towards  the  fun,  the  inclination  is  diminilhed.  Add  to  this,  that  while  the  moon  paffes 
from  O to  P,  and  from  L to  I,  the  difturbing  force  is  much  greater  than  when  it  was  pair- 
ing from  P to  L,  and  from  I to  O,  becaufe  the  difference  between  the  diftances  of  the 
moon  and  of  die  earth  from  the  fun  is  greater  in  the  former  cafe  than  in  the  latter.  On 
the  whole,  therefore,  while  the  nodes  are  between  A and  D,  B and  F,  that  is,  while  they  are 
paffing  from  fyzygy  to  quadrature,  the  inclination  of  the  lunar  orbit  is  diminilhed  ; for, 
though  the  nodes  have  been  fuppofed  equally  dillant  from  the  quadrature  and  fyzygy,  it  is 
obvious  that  the  like  effedds  mult  happen,  though  different  in  degree,  when  they  are  nearer 
to  the  one  than  the  other. 

Next,  let  the  nodes  be  in  the  oddants  I,  P,  between  A and  F,  and  B and  G.  While  the 
moon  is  afeendmg  from  the  node  I towards  the  quadrature  A,  the  difturbing  force  adding from 
the  fun,  it  will  be  drawn  upwards,  and  the  inclination  of  its  orbit  will  be  hereby  increafed. 
In  afcenditig  from  A to  O,  the  difturbing  force  adding  towards  the  fun,  its  afeent  will  be  dimin- 
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ifhed,  or  the  inclination  of  its  orbit  leflened  : but  in  defcending  from  O to  the  node  P,  the 
difturbing  force  ftill  acting  towards  the  fun,  it  will  be  drawn  downwards,  and  confequently, 
the  inclination  of  its  orbit  will  be  increafed.  Thus,  during  one  whole  revolution  of  the  moon 
in  this  pofttion  of  its  nodes,  the  inclination  of  its  orbit  will  be  increafed  through  three  fourths 
of  its  paflage.  And  this  will  be  true,  as  in  the  other  cafe,  when  the  nodes  are  not  in  the  oc- 
tants. Alfo,  for  the  reafon  mentioned  in  the  other  cafe,  the  force  which  inereafes  the  inclina- 
tion of  the  orbit  is,  while  it  a£fs,  fuperior  to  that  which  diminifhes  it.  While  the  nodes,  there- 
fore, are  palling  from  the  quadratures  to  the  fyzygies,  the  inclination  of  the  moon’s  orbit  is 
increafing.  From  all  which  it  is  manifeft,  that  the  inclination  of  the  lunar  orbit  is  the  lealt 
when  the  line  of  the  nodes  is  in  quadrature,  and  the  moon  in  fyzygy,  and  greateft  when  the 
line  of  the  nodes  is  in  fyzygy. 

PROP.  CLXVI.  The  nodes  of  the  moon  are  at  reft,  when  the  line  of 
the  nodes  is  in  fyzygy  ; they  move  in  antecedent™ , or  from  eaft  to  weft, 
when  the  line  of  the  nodes  is  in  quadrature  ; and  alfo  when  it  is  between 
quadrature  and  fyzygy  ; but  their  regrefs  in  one  revolution,  is,  in  this  cafe, 
lefs  than  when  the  line  of  the  nodes  is  in  quadrature. 

When  the  line  of  the  nodes  is  in  fyzygy,  becaufe  tire  difturbing  force  a£ts  in  the  plane  of 
the  moon’s  orbit,  it  cannot  change  the  inclination  of  that  plane  to  the  ecliptic  ; whence,  the 
common  interfeftion  of  the  two  planes,  or  the  line  of  the  nodes,  is  immoveable.  If,  whilft 
the  line  of  the  nodes  is  in  AB,  the  moon  is  palling  from  A through  G to  B,  being  conftantly 
drawn  towards  the  plane  of  the  ecliptic  by  the  difturbing  force,  it  will  come  to  the  plane  foon- 
er  than  it  would  have  done  if  no  fuch  force  had  aifted  upon  it,  that  is,  before  it  has  defend 
ed  i8o°.  or  is  arrived  at  B. 

In  like  manner,  while  the  moon  is  palling  from  B to  A,  through  F,  being  drawn  towards 
the  plane  of  the  ecliptic  by  the  difturbing  force,  it  will  crofs  the  ecliptic  fooner  than  it  would 
otherwife  have  done,  that  is,  before  it  arrives  at  A.  Confequently,  the  nodes  will  have  chang- 
ed their  places,  and  moved  in  a contrary  direction  to  the  moon.  In  any  other  pontion  of 
the  line  of  the  nodes,  the  difturbing  force  will,  for  the  fame  reafon,  caufe  the  lined  the  nodes 
to  move  in  antecedents , though  in  a lefs  degree  : becaufe,  whilft  the  moon  is  deferibing  the 
greater  part  of  its  orbit,  it  is  drawn  by  the  difturbing  force  (as  was.  fhewn  in  the  laft  Prop.) 
towards  the  ecliptic,  and  confequently  is  made  to  crofs  the  ecliptic  fooner  than  it  would  other- 
wife  have  done,  that  is,  the  nodes  are,  on  the  whole,  in'one  revolution  of  the  moon,  made  to 
move  in  a direction  contrary  to  that  of  the  moon  : but  this  regrefs  is  lefs  than  when  the  line 
of  the  nodes  is  in  quadrature,  becaufe,  during  part  of  the  revolution  in  this  oblique  pefitionof 
the  line  of  the  nodes,  the  nodes  move  in  confequentia , or  in  the  fame  dire£tion  with  the  moon, 
namely,  whilft  the  difturbing  force  (as  was  {hewn  in  the  laft  Prop.)  draws  the  moon  from  the 
plane  of  the  ecliptic  ; whereas,  when  the  line  of  the  nodes  is  in  quadrature,  they  move  in 
antecedents  during  the  whole  revolution. 

Schol.  i . The  nodes  perform  one  revolution,  or  pafs  through  every  part  of  the  ecliptic,  in 
about  19  years. 
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Schol.  2.  All  the  irregularities  of  the  moon  are  greater  when  the  earth  is  in  its  perihelion, 
than  when  it  is  in  its  aphelion,  becaufe  the  effedl  of  the  fun’s  adtiori,  whereby  they  are  pro- 
duced, is  inverfely  as  the  cube  of  its  diftance  from  the  earth.  They  are  alfo  greater  when  the 
moon  is  in  conjundtion  with  the  fun,  than  in  oppofition,  for  the  fame  reafon  ; for  the  earth 
and  moon,  taken  together,  are  nearer  the  fun  in  the  former  fituation  of  the  moon,  than  they 
are  in  the  latter. 


CHAP.  III. 

Of  the  spheroidical  Form  of  the  Earth. 

PROP.  CLXVII.  * In  the  daily  revolution  of  the  earth  round  its  axis, 
the  centrifugal  force  diminillies  the  weight  of  bodies  more  at  the  equator 
than  in  any  other  place  on  the  furface  of  the  earth,  in  the  duplicate  ratio  of 
the  femidiameter  to  the  cofine  of  the  latitude  of  the  place. 

Let  PEP^  be  the  earth,  PP  the  axis,  Ee  the  equator.  As  the  earth  revolves  upon  its  axis, 
every  place  on  its  furface,  except  the  two  poles,  deferibes  a circle,  the  plane  of  which  is  per- 
pendicular to  the  axis,  and  the  radius  of  which  is  the  diftance  of  that  place  from  the  axis. 
Thus,  a body  placed  at  A will  in  one  revolution  of  the  earth  deferibe  a circle,  the  femidiame- 
ter of  which  will  be  AB,  which  with  the  plane  in  which  it  lies  will  be  perpendicular  to  the 
axis  PP.  In  like  manner,  CE  is  the  femidiameter  of  a circle  deferibed  by  the  revolution  of  a 
place  in  the  equator.  But  CE  is  the  femidiameter  of  the  earth,  and  AB  is  the  cofine  of  latitude 
of  the  place  A ; for  AB  is  the  fine  of  AP,  the  complement  of  AE,  which  is  the  latitude  of  the 
place.  And  a body  atE,  revolving  in  a circle  whofe  radius  is  CE,  performs  its  revolution  in 
the  fame  time  witli  a body  at  A,  revolving  in  a circle  whofe  radius  is  AB.  But  where  the 
periodical  times  are  equal,  the  centrifugal  forces  are  as  the  radii,  by  Book  II.  Prop.  LXXVIL 
Whence  the  body  at  E has  its  centrifugal  force  as  much  greater  than  the  body  at  A,  as  the 
radius  CE  is  greater  than  the  radius  AB  ; and  univerfally,  the  centrifugal  force  at  the  equator 
is  to  the  centrifugal  force  at  any  other  place  on  the  furface  of  the  earth,  as  the  femidiameter 
of  the  earth  to  the  cofine  of  the  latitude  of  the  place.  And  fince  it  is  manifeft  that  the  gravity 
mu  ft  be  diminifhed  as  much  as  the  centrifugal  force  is  increafed,  the  gravity  of  a body  at  the 
equator  is  as  much  lefs  than  that  of  a body  at  any  other  place  on  the  earth,  as  the  femidiame- 
ter of  the  earth  is  greater  than  the  cofine  of  the  latitude  of  the  place. 

Moreover,  if  the  centrifugal  forces  at  E and  A were  equal,  they  would  diminifh  the  weights 
of  bodies  unequally,  on  account  of  the  different  diredVtons  in  which  thefe  forces  adl.  The 
centrifugal  force  at  A,  adling  obliquely  upon  the  force  of  gravitation  towards  C,  can  only  di- 
minifh this  force  by  fuch  a part  of  its  action  as  is  oppofite  to  the  direction  of  gravitation,  that 
is,  refolving  Ab  which  may  exprefs  the  centrifugal  force  at  A into  A a,  ab , the  part  of  the 
centrifugal  force  which  will  adt  to  diminifh  the  gravity  of  the  body  at  A,  will  be  to  the  whole 
centriiugal  force  at  A,  as  A a to  Ab.  Whereas  at  E,  the  whole  centrifugal  force,  adling  in 
direct  oppofition  to  the  force  of  gravitation,  will  operate  to  diminifh  the  weight  of  a body  at 
E.  Hence  the  force  which  adds  to  diminifh  the  weight  of  a body,  that  is,  the  diminution  at 
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£ is  to  the  fame  at  A,  as  the  whole  centrifugal  force  to  the  part  Aa.  But  A b is  to  Aa,  as 
CE  to  BA  : for,  the  triangles  A ab  and  ABC  being  fimilar,  A b is  to  A a,  as  AC  or  EC  to  BA. 
Therefore,  from  the  different  directions  in  which  the  centrifugal  forces  a£t  at  E and  A,  the 
weight  at  E is  as  much  more  diminifhed  than  at  A,  as  EC  theiemidiameter  is  greater  than  AB 
die  cofine  of  the  latitude  of  the  place  A. 

The  centrifugal  force  then  diminifhes  the  force  of  gravitation  in  die  ratio  of  EC  to  AB,  both 
becaufe  the  centripetal  force  at  E is  greater  than  at  A,  and  becaufe  it  acts  diredly  at  E,  but 
obliquely  at  A.  Therefore  the  centrifugal  force  diminifhes  the  weight  of  a body  at  E,  more 
dian  at  A,  in  the  duplicate  ratio  of  CE  to  BA,  that  is,  as  much  more  at  E than  at  A,  as  the 
fquareof  CE  is  greater  than  the  fquare  of  BA. 

Schol.  It  is  found  by  calculation  from  this  Prop,  that  gravity  at  the  equator  is  diminifhcd 
by  the  centrifugal  force  in  the  ratio  of  2S8  to  289. 

Cor.  t.  If  the  diurnal  motion  of  the  earth  round  its  axis  was  about  17  times  falter  than  it 
is,  the  centrifugal  force  would,  at  the  equator,  be  equal  to  the  power  of  gravity,  and  all  bodies 
there,  would  entirely  lofe  their  weight.  But  if  the  earth  revolved  (till  quicker  than  this, 
they  would  all  11  y off. 

Cor.  2.  Since  a place  in  the  equator  defcribes  a circle  of  24930  miles  in  24  hours  (Prop. 
III.  Cor.)  it  is  evident  that  the  velocity  with  which  that  place  moves,  is  at  the  rate  of  about 
1 7.3  miles  per  minute.  The  velocity  in  any  parallel  of  latitude  decreafes  in  the  proportion  of 
the  cofine  of  latitude  to  radius.  Thus,  for  the  latitude  of  London,  fay,  as  Rad.  : Cof.  51° 
30'  : : velocity  of  the  equator  : velocity  of  London  ; by  logarithms,  as  10.00000  : 9.794150 
: : 1.232046  : 1.026196  2=  10.6  miles  ; that  is,  the  city  of  London  moves  about  the  axis  of 
the  earth  at  the  rate  of  more  than  10!  miles  in  a minute  of  time. 

PROP.  CLXVIII.  The  earth  is  ail  oblate  fpheroid,  elevated  at  the 
equator,  and  depreffed  at  the  poles. 

It  has  been  found  by  obfervation,  that  a pendulum,  fhorter  by  2.169  lines,  is  required  to 
vibrate  feconds  at  the  equator  than  at  the  poles ; but  (from  Book  II.  Prop.  XLIII.  and  XLIV.) 
the  lengths  of  pendulums  vibrating  in  the  fame  time  are  as  the  gravities  at  the  places  where 
they  vibrate  *,  therefore  the  gravity  at  the  poles  is  greater  than  at  the  equator.  And  it  has 
been  found  by  Sir  I.  Newton,  that  this  difference  of  gravity  is  fo  much  greater  than  would 
arife  from  the  centrifugal  force  alone,  that  the  ratio  of  the  equatorial  diameter  of  the  earth  fo 
the  polar  diameter,  muff;  be  as  230  to  229,  which  makes  the  equatorial  diameter  exceed  the 
polar  by  about  3 4 miles. 

Cor.  1.  Hence  bodies  near  the  poles  are  heavier  than  the  fame  bodies  towards  the  equa- 
tor ; (1.)  Becaufe  they  are  nearer  the  earth’s  centre,  where  the  whole  force  of  the  earth’s  at- 
tradlion  is  accumulated.  (2.)  Becaufe  their  centrifugal  force  is  lefs  on  account  of  their  diur- 
nal motion  being  flower.  For  both  thefe  reafons,  bodies  carried  from  the  poles  towards  the 
equator,  gradually  lofe  their  weight. 

Cor.  2-  The  degrees  of  latitude  upon  the  earth’s  furface  are  longer  at  the  poles  than  at 
the  equator.  For  an  arc  of  a meridian  near  the  poles  is  lefs  curved  than  near  the  equator, 
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that  is,  it  is  an  arc  of  a larger  circle  ; whence  a degree  meafured  upon  that  arc  mult  be  great- 
er than  upon  an  arc  of  the  fame  meridian  at  the  equator. 

Cor.  3.  The  tendency  of  a heavy  body,  on  any  part  of  the  furface  of  the  earth  between 
the  poles  and  the  equator,  is  not  directly  towards  the  centre,  but  towards  fome  point  between 
the  centre  and  the  equator. 

Schol.  The  point  towards  which  a body  in  any  given  place  will  tend  may  be  determined. 

For  (by  Prop.  CLXVII.)  as  radius  EC  is  to  the  cofine  of  latitude  of  the  place  AB,  fo  is  the 
centrifugal  force  at  E to  the  centrifugal  force  at  A in  the  diredtion  A b.  Produce,  therefore, 
the  line  BA  to  b,  till  A b has  the  fame  ratio  to  AC,  as  the  quantity  laft  found  has  to  gravity 
upon  the  furface  of  the  earth.  Complete  the  parallelogram  AbCc  ; the  point  fought  will  be 
c,  and  the  tendency  of  the  body  will  be  along  Ac  ; thus  fuppofe  the  latitude  of  the  place  5 1°. 
46'.  The  centrifugal  force  at  the  equator  is  found  to  be  that  of  gravity,  as  1 to  289  : hence, 
as  radius  to  the  cofine  of  5 i°.  46'.  fo  is  1 to  ,618,  which  is  the  centrifugal  force  at  A.  Con- 
fequently,  the  centrifugal  force  at  A is  to  the  force  of  gravity,  as  ,618  to  289  : therefore,  by 
the  conftrudlion,  A b or  C c,  is  to  AC  in  that  ratio.  The  ratio  of  AC  to  C^  being  thus  found, 
as  AC  is  to  Cr,  or  as  289  is  to  ,61  8,  fo  will  the  fine  of  the  angle  of  latitude  ALT,  or  5 i°.  46'. 
be  to  5'.  nearly,  which  is  the  angle  required,  meafuring  the  deviation  of  the  line  of  diredlion- 
of  falling  bodies  at  the  given  latitude  from  a line  drawn  to  the  centre  of  the  earth. 


CHAP.  IV. 

Of  the  Precession  of  the  Equinoxes. 

Def.  LXIV.  A Periodical  Year , is  the  time  in  which  the  fun  com- 
pletes its  revolution  through  the  ecliptic. 

Def.  LXV.  A Tropical  Year , is  the  time  in  which  the  fun  com- 
pletes its  revolution  fetting  out  from  any  folftitial  or  equinofrial  point,  and 
returning  to  the  lame. 

PROP.  CLXIX.  The  equinoctial  points  move  in  antecedentia , or  go 
backwards  frorp  eaft  to  weft,  contrary  to  the  order  of  the  figns. 

It  is  found  from  obfervation,  that  the  equator  and  ecliptic  do  not  always  interfedt  each  oth- 
er in  the  fame  points,  but  that  the  points  of  interfedlion  change  their  place,  moving  from  call 
to  weft,  whilft  the  inclination  of  the  planes  remains  the  fame.  This  motion  is  called  the pre- 
cejfion  of  the  equinoxes,  becaufe  it  carries  the  equinodtial  points  in  precedentia  Jigna. 

PROP.  CLXX.  The  preceftion  of  the  equinoxes  makes  the  tropical 
year  fhorter  than  the  periodical  year. 

If, 
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If,  while  the  fun  moves  in  the  order  of  the  figns,  the  equinoctial  point  moves  in  the  con- 
trary direction,  it  is  manifeft,  that  the  fun  mult  arrive  at  the  folftitial  or  equinodtial  point 
from  which  it  fet  out,  before  it  arrives  at  the  fame  place  in  the  zodiac,  or  mult  complete  the 
tropical  year  fooner  than  the  periodical  year. 

The  tropical  year  is  obferved  to  be  365  days,  5 hours,  49  minutes  ; the  periodical  year,  365 
days,  6 hours,  4 minutes,  56  feconds. 

PROP.  CLXXI.  The  preceflion  of  the  equinoxes  caufes  the  poles  of 
the  equator  to  deferibe  a circle  from  eaft  to  weft  about  the  poles  of  the 
ecliptic. 

In  this  preceffion,  the  plane  of  the  equator  revolves  from  eaft  to  weft,  cutting  the  ecliptic, 
which,  with  its  axis,  is  at  reft,  in  fucceftive  points.  But  while  the  plane  of  the  equator  is  re- 
volving, its  axis  muft  revolve  with  it  the  fame  way.  And,  fince  the  plane  of  the  equator  is 
always  equally  inclined  to  that  of  the  ecliptic,  the^axis  of  the  equator  muft  always  have  the 
fame  inclination  to  the  axis  of  the  ecliptic  : confequently,  the  poles  of  the  equator  will  re- 
volve round  the  poles  of  the  ecliptic,  always  preferving  the  fame  diftance  from  each  other  ; 
that  is,  the  poles  of  the  equator  will  deferibe  a circle  about  the  poles  of  the  ecliptic. 

Exp.  The  preceffion  of  the  equinoxes,  and  the  revolution  of  the  pole  of  the  equator  about 
that  of  the  ecliptic,  may  be  thus  reprefented  on  the  celeftial  globe.  Let  the  broad  wooden 
horizon  reprefent  the  ecliptic  •,  place  the  axis  of  the  globe  perpendicular  to  the  wooden  circle  ; 
the  ecliptic  on  the  globe  will  then  make  an  angle  of  230.  30'.  with  the  wooden  horizon  : con- 
fequently, if  the  wooden  horizon  reprefents  the  ecliptic,  the  circle  which  commonly  reprefents 
the  ecliptic  will  now  reprefent  the  equator  •,  and  the  two  points  in  which  this  circle  cuts  the 
wooden  horizon  will  reprefent  the  equinoctial  points.  If  the  globe,  in  this  pofition,  be  turned 
flowly  round  from  eaft  to  weft,  thefe  points  of  interfection  will  move  round  the  fame  way, 
while  the  inclination  of  the  circle  which  now  reprefents  the  equator  to  that  which  reprefents 
the  ecliptic  remains  the  fame  ; whence  the  preceffion  of  the  equinoxes  is  properly  reprefented. 
Again,  the  axis  and  poles  of  the  globe  now  reprefenting  thofe  of  the  ecliptic,  the  axis  and  poles 
of  the  ecliptic,  marked  on  the  globe,  will  reprefent  thofe  of  the  equator  •,  and  in  turning  the 
globe  round  from  eaft  to  weft,  the  points  which  reprefent  the  poles  of  the  equator,  will  re- 
volve the  fame  way  round  the  poles  of  the  globe  which  reprefent  thofe  of  the  ecliptic,  and  the 
axis  of  the  fuppofsd  equator  will  always  make  the  fame  angle  with  the  plane  of  the  fuppofed 
ecliptic. 

PROP.  CLXXII.  The  preceflion  of  the  equinoxes  is  caufed  by  the 
action  of  the  fun  and  moon  on  that  excefs  of  matter  about  the  equatorial 
parts  of  the  earth,  by  which  from  a perfed:  fphere  it  becomes  an  oblate 
fpheroid. 

Let  ADCB  be  the  planet  of  the  ecliptic,  S the  fun,  E the  earth,  and  AFBG  a ring  encom- 
paffing  the  earth  at  any  diftance,  as  Saturn  is  encompaffed  by  its  ring.  Let  the  half  of  this 
ring  AGB  towards  the  fun  be  above  the  plane  of  the  ecliptic,  and  the  other  half  below  it : 

then, 
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then,  a line  pnbing  through  A and  B will  be  the  line  of  the  nodes  of  ibis  ring.  If  it  be  flip, 
poled  that  this  ring  moves  round  its  centre  E,  the  fame  way  in  which  the  moon  moves  round 
the  earth,  it  is  obvious  that  every  point  of  this  ring  will  be  acted  upon  by  the  difturbing  force 
of  the  fun  in  the  fame  manner  as  the  moon  was  (hewn  to  be  acted  upon  in  Prop.  CLVIII.  &c. 
Particularly,  the  motion  of  the  nodes  of  this  ring,  and  confequently  of  the  whole  ring  which 
moves  with  thefe  nodes,  and  its  inclination  to  the  plane  in  which  its  centre  moves,  will  be  af- 
fected in  the  fame  manner  with  the  orbit  of  the  moon  : whence,  its  nodes  when  in  fyzygies 
will  hand  (till,  and  its  inclination  will  be  greateb  ; but  in  all  other  fituations,  the  nodes  will 
go  backwards,  and  faded  of  all  when  in  the  quadratures,  at  which  time  the  inclination  of  the 
ring  will  be  the  lead.  This  will  be  the  cafe  whatever  be  the  thicknefs  of  the  ring,  or  its  dis- 
tance from  the  centre. 

If  this  ring  be  fuppofed  to  adhere  to  the  earth,  it  is  obvious  that  it  will  dill  have  the  mo- 
tions deferibed  above,  and  that  in  this  fituation,  the  earth  itfelf  mud  participate  of  thefe  mo- 
tions. Now  the  earth  being  an  oblate  fpheroid,  having  its  equitorial  diameter  longer  than 
that  which  paffes  through  its  poles,  this  redundancy  of  matter,  by  which  the  form  of  the 
earth  departs  from  a perfe&  fphere,  may  be  confidered  as  a portion  of  the  fuppofed  ring,  which 
receives  from  the  aCtion  of  the  fun  the  motions  abovementioned,  and  communicates  them  to 
the  earth.  Hence  the  equinoctial  points,  which  are  the  nodes  of  the  ring,  when  they  are 
in  fyzygy,  that  is,  at  the  equinox,  will  band  dill,  and  the  inclination  of  the  equator  to  the 
plane  of  the  ecliptic  will  be  the  greated : in  all  other  fituations  they  will  go  backwards,  and 
faded  when  in  quadrature  at  the  foldices  ; and  the  inclination  of  the  plane  of  the  equator 
to  that  of  the  ecliptic  is  then  the  lead. 

Cor.  Hence  the  axis  of  the  earth,  being  perpendicular  to  the  plane  of  the  equator, 
changes  therewith  its  inclination  to  the  plane  6f  the  ecliptic  twice  in  every  revolution  of  the 
earth  about  the  fun.  For  indance,  it  increafes  whild  the  earth  is  moving  from  the  folditial 
to  the  equinoctial,  and  diminlflies  as  much  in  its  paffage  from  the  equinoctial  to  the  folditial 
points  : which  phenomenon  is  called  the  Nutation  of  tire  Poles. 

Schol.  This  precedion  of  the  equinoxes  is  found  to  be  50  feconds  of  a degree,  every 
year,  wedward  or  contrary  to  the  fun’s  annual  motion  ; fo  that  with  refpeCt  to  the  fixed  bars, 
the  equinoCtial  points  fall  backwards  30  degrees  in  2x60  years,  whence  the  bars  will  appear 
to  have  gone  30  degrees  forward,  with  refpe£t  to  the  figns  of  the  ecliptic,  which  are  reckoned 
from  the  equinoCtial  point.  Thus  the  bars  which  were  formerly  in  Aries  are  now  in  Taurus, 
£kc.  This  period  is  completed  in  25,920  years. 


CHAP. 


V. 


Of  the  Tides. 

PROP.  CLXXIII.  The  tides  are  caufed  by  the  attraction  of  the  moon 
and  of  the  fun. 


Let  ApLti  be  the  earth,  and  C its  centre;  let  the  dotted  circle  PN  reprefent  a mafs  of  plate  n. 
water  covering  the  furface  of  the  earth  ; let  M,  mt  be  the  moon  ; S,  s,  the  fun  in  different  Fi£-  J4- 
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filiations.  Becaufe  the  power  of  gravity  diminifhes  as  the  fquares  of  the  diftances  increafe, 
(by  Prop.  CXLVI1I  ) the  waters  on  the  fide  of  the  earth  A are  more  attra&ed  by  the  moon 
at  M than  the  central  parts  of  the  earth  C,  and  the  central  parts  are  more  attracted  than 
the  waters  on  the  oppofite  fide  of  the  earth  at  L : confequently  (as  was  fhewn  concerning 
the  moon)  the  waters  on  the  fide  L will  be  as  it  were  attracted  from  the  centre  of  the  earth, 
or  will  recede  from  thence.  Therefore,  while  the  moon  is  at  M,  the  waters  will  rife  towards 
cl  and  / on  the  oppofite  fides  of  the  earth  A,  L ; while,  by  the  oblique  attraction  of  the  moon, 
the  waters  at  P and  N will  be  deprefled. 

Or  thus  : becaufe  (by  Prop.  CLV.)  the  moon  and  earth  are  continually  revolving  about 
their  common  centre  of  gravity,  fuppofe  a ; the  points  A,  C,  L,  dcfcribing  circles  about  this 
common  centre  in  the  fame  periodical  times,  the  forces  required  to  retain  them  in  thefe  cir- 
cles (as  may  be  inferred  from  Book  II.  Prop.LXXV.)  will  be  to  each  other  as  their  diftances 
from  the  centre  a A,  aC,  a L.  Confequently,  the  point  L requires  a greater  force  than  C, 
and  C than  A,  to  retain  it  in  its  orbit.  Now  thefe  points  are  retained  in  their  refpective  cir- 
cles by  the  moon  at  M *,  and  confequently  the  point  L,  which  is  molt  remote,  and  therefore 
requires  the  greateft  force,  is  attracted  the  leaft,  whilft  A,  the  neareft  point,  is  attracted  the 
molt.  Thus,  the  water  about  A being  attracted  too  much,  and  that  about  L too  little,  both 
will  have  their  gravity  diminifhed  by  the  aCtion  of  the  moon,  and  will  endeavour  to  leave  the 
centre  C •,  while  the  water  at  P and  N,  having  their  gravity  increafed  by  the  fame  caufe,  will 
fubfide.  Hence  the  form  of  the  water  on  the  furface  of  the  earth  will  become  an  oblong 
fpheroid. 

This  oval  of  waters  keeps  pace  with  the  moon  in  its  monthly  courfe  round  the  earth  ; 
while  the  earth,  by  its  daily  rotation  about  its  axis,  prefents  each  part  of  its  furface  to  the 
direCt  aCtion  of  the  moon,  twice  each  day,  and  thus  produces  two  floods  and  two  ebbs.  But 
bccaufe  the  moon  is  in  the  mean  time  palling  from  weft  to  eaft  in  its  orbit,  it  comes  to  the 
meridian  of  any  place  later  than  it  did  the  preceding  day  •,  whence  the  two  floods  and  ebbs 
require  nearly  25  hours  to  complete  them.  The  tide  is  at  the  greateft  height,  not  when  the 
moon  is  in  the  meridian,  but  fome  time  afterwards,  becaufe  the  force  by  which  the  moon 
raifes  the  tide  continues  to  aCt  for  fome  time  after  it  has  palled  the  meridian. 

As  the  moon  thus  raifes  the  water  in  one  place,  and  deprefles  it  in  another,  the  fun  does  the 
fame  ; but  in  a much  lefs  degree,  on  account  of  the  fmall  ratio  of  the  femidiameter  of  the 
earth  to  the  diftance  of  the  fun  ; for,  as  it  was  fhewn  of  the  moon,  that  the  force  of  the  fun  by 
which  it  difturbs  its  motion  is  as  the  diftance  of  the  moon  from  the  earth  to  that  of  the  fun 
from  the  fame,  fo,  in  this  cafe,  the  force  of  the  fun  to  difturb  the  waters  is  as  the  femidiam- 
eter of  the  earth  to  the  diftance  of  the  fun,  which  ratio  is  very  fmall.  # 

Cor.  The  moon  being  neareft  to  the  earth  when  in  perigee,  its  attraction  mull  then  be 
ftrongelt,  and  the  effeCt  or  elevation  of  the  waters,  greateft.  And  the  earth  being  in  its 
perihelion  at  the  winter  folftice,  the  fun’s  power  to  produce  tides  is  greateft  at  that  time. 

PROP.  CLXXIV.  The  tides  are  greateft  at  the  new  and  full  moons, 
and  leaft  at  the  firft  and  laft  quadratures  j and  the  higheft  of  the  former 
tides  are  near  the  time  of  the  equinoxes. 


When 
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When  the  moon  is  in  conju&ion  or  oppofition  with  the  fun,  as  M,  /»,  S,  the  tides  which 
each  endeavours  to  raife  are  in  the  fame  place  ; whence  they  are  then  greateft,  and  are  called 
fpring  tides.  But,  when  the  moon  is  in  the  firft  or  laft  quarter,  the  fun  being  in  the  meridian 
when  the  moon  is  in  the  horizon,  as  M,  s,  depreffes  the  water  where  the  moon  raifes  it  ; 
whence  the  tides  are  then  leaft,  and  are  called  neap  tides.  On  the  full  and  new  moons,  which 
happen  about  the  equinoxes,  when  the  luminaries  are  both  in  the  equator  or  near  it,  the  tides 
are  the  greateft  of  all : for  firft,  the  two  eminences  of  water  are  at  the  greateft  diftance  from 
the  poles,  and  hence  the  difference  between  ebb  and  flood  is  more  fenfible  ; for  if  thofe  em- 
inences were  at  the  poles,  it  is  obvious  we  fhould  not  perceive  any  tide  at  all  : fecondly,  the 
equatorial  diameter  of  the  earth  produced  pafl'es  through  the  moon,  which  diameter  is  longer 
than  any  other,  and  confequen.tly  there  is  greater  difproportion  between  the  diftances  of  the 
zenith,  centre  and  nadir,  from  the  centre  of  gravity  of  the  earth  and  moon,  in  this  fituation 
than  in  any  other  *,  and  thirdly,  the  water  rifing  higher  in  the  open  feas,  rufhes  to  the  fhores 
with  greater  force,  where  being  flopped,  it  rifes  higher  ftill ; for  it  not  only  rifes  at  the  fhores 
in  proportion  to  the  height  it  rifes  to  in  the  open  feas,  but  alio  according  to  the  velocity  with 
which  it  flows  from  thence  againft  the  fhore.  The  fpring  tides,  which  happen  a little  before 
the  vernal  and  after  the  autumnal  equinox,  are  the  greateft  of  all,  becaufe  the  fun  is  nearer 
the  earth  in  the  winter  than  in  the  fummer. 

PROP.  CLXXV.  When  the  moon  is  in  the  northern  hemifphere,  it 
produces  a greater  tide  while  it  is  in  the  meridian  above  the  horizon,  than 
when  it  is  in  the  meridian  below  it ; when  in  the  fouthern  hemifphere, 
the  reverfe. 

Let  AFHD  reprefent  the  earth,  whofe  centre  is  T,  and  axis  PO,  the  point  P the  north 
pole,  and  O the  fouth  pole,  EC>  the  equator,  FH  a parallel  to  it  on  the  fouth  fide,  and  KD 
another  parallel  to  it  on  the  north  fide.  Let  the  fluid  furrounding  the  earth  form  itfelf  into 
an  oblong  fpheroid,  whofe  longer  axis  HK  produced,  pafl'es  through  the  moon  at  L.  The 
right  lines  TK,  or  TH,  drawn  from  the  centre  T,  will  reprefent  the  greateft  height  of  the 
water  in  thofe  places.  Then,  fuppofing  NM  perpendicular  to  KH,  TN,  or  TM,  will  denote 
the  leaft  height,  and  will  reprefent  the  height  of  the  water  in  all  parts  of  the  globe  through 
which  the  circle  NM  pafl'es.  The  right  lines  TE,  TF,  TH,  TQ,  TD,  will  fhew  the  height 
of  the  water  in  thofe  refpettive  places  E,  F,  H,  Q_,  D. 

Let  us  now  confider  fome  place  in  particular,  which,  by  the  diurnal  motion  of  the  earth, 
deferibes  the  parallel  KD.  When  that  place  is  at  K,  the  height  of  the  water  TK  is  the  great- 
eft, that  is,  it  will  be  high  water,  and  the  moon  L will  be  in  the  meridian.  But  afterwards, 
when  that  place  comes  to  X,  the  height  of  the  water  will  be  the  leaft,  that  is,  it  will  be  low 
water  and  when  the  fame  place  comes  to  D,  it  will  be  high  water  again.  But  becaufe  TK 
is  greater  than  TD,  therefore,  in  the  prefent  cafe,  when  the  moon  is  on  the  north  fide  of  the 
equator,  or  in  the  northern  figns,  the  height  of  the  fea,  or  tide,  will  be  greater  when  the  moon 
is  in  the  part  of  the  meridian  which  is  above  the  horizon,  than  when  it  is  in  the  meridian, 
and  below  it.  Hence  it  is  that  the  moon,  when  it  is  in  die  northern  figns,  makes  the  greateft; 
tides  on  our  fide  the  equator  when  it  is  above  the  earth. 
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Again,  TH,  on  the  fouth  fide  the  equator,  is  longer  than  TF ; and  therefore,  to  a place 
that  defcribes  the  parallel  FH,  the  greateft  height  of  the  water,  when  the  moon  is  in  the 
northern  figns,  is  when  it  is  on  that  part  of  the  meridian  that  is  below  the  horizon  of  that 
place,  and  the  lead  tides  when  it  is  above  the  horizon.  For  the  like  reafon,  when  the 
moon  is  in  the  fouthern  figns,  the  greateft  tides  on  the  other  fide  of  the  equator  will  be 
when  it  is  below  our  horizon,  and  the  leaft  tides  when  it  is  above  it. 


Cor.  Hence  it  is  evident,  that,  when  the  moon  is  in  the  equator,  the  two  tides  are  equal- 
ly high.  For  then  the  longer  axis  HK,  of  the  oblong  fpheroid  coincides  with  the  equator 
EQ^,  and  the  two  points  of  high  water  on  any  parallel,  being  equally  diftant  from  the 
higheft  points  of  the  tides,  are  confequently  at  the  fame  height. 

Schol.  What  hath  been  faid  of  the  tides,  muft  be  underftood  upon  fuppofition,  that 
the  globe  of  the  earth  is  covered  entirely  with  water  to  a confiderable  depth  : but  continents 
which  ftop  the  tide,  ftraits  between  them,  illands,  and  the  fhallownefs  of  the  fea  in  fome 
places,,  which  are  all  impediments  to  the  courfe  of  the  water,  caufe  many  exceptions  to 
what  hath  been  above  laid  down.  Thefe  exceptions  can  only  be  explained  from  particular 
obfervations  on  the  nature  of  tides  at  different  places. 
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OJ  the  FIXED  STARS. 

Def.  LX VII.  Thofe  bodies  which  always  appear  in  the  heavens  at 

the  fame  diftance  from  each  other,  are  called  Fixed  Stars  ; becaufe  they 
do  not  appear  to  have  any  proper  motion  of  their  own, 

PROP.  CLXXVI.  The  fixed  ftars  are  luminous  bodies. 

Becaufe  they  appear  as  points  of  fmall  magnitude  when  viewed  through  a telefcope,  they 
mull  be  at  fuch  immenfe  diftances,  as  to  be  invifible  to  the  naked  eye  if  they  borrowed  their 
light  j as  is  the  cafe  with  refpefl  to  the  fatellites  of  Jupiter  and  Saturn,  although  they 
appear  of  very  diftinguifliable  magnitude  through  a telefcope.  Befules  from  the  weaknefs 
of  reflected  light,  there  can  be  no  doubt  but  that  the  fixed  Bars  fhine  with  their  own  light. 
They  are  eafily  known  from  the  planets,  by  their  twinkling. 

Schol.  The  number  of  Bars,  vifible  at  any  one  time,  to  the  naked  eye,  is  about  ioco  : 
But  Ur.  Herfchel,  by  his  magnificent  improvements  of  the  reflecting  telefcope,  has  difcov- 
ered  that  the  whole  number  is  great  beyond  all  conception. 

PROP.  CLXXVIL  The  fixed  ftars  appear  of  different  magnitudes. 

The  magnitudes  of  the  fixed  liars  appear  to  be  different  from  one  another,  -which  differ- 
ence may  arife  either  from  a diverfity  in  their  real  magnitudes,  or  diftances  ; or  from  both 
thefe  caufe3  aCting  conjointly.  The  difference  in  the  apparent  magnitude  of  the  ftars  is 
fuch  as  to  admit  of  their  being  divided  into  fix  clafles,  the  largeft  being  called  ftars  of  the 
firft  magnitude,  and  the  lead,  which  are  vifible  to  the  naked  eye,  ftars  of  the  fixth  magni- 
tude. Stars  only  vifible  by  the  help  of  glafies  are  called  telefcopic  ftarsi 

Schol.  i.  It  mud  not  be  inferred  that  all  the  ftars  of  each  clafs  appear  exaCtly  of  the 
fame  magnitude  ; there  being  great  latitude  given  in  this  refpeCt ; even  thofe  of  the  firft 
magnitude  appear  almoft  all  different  in  luftre  and  fize.  There  are  alfo  other  ftars  of  in- 
termediate magnitudes,  which,  as  aftronomers  cannot  refer  to  any  one  clafs,  they,  theretore, 
place  them  between  two.  Procyon , for  inftance,  which  Ptolemy  makes  of  the  firft  mag- 
nitude, and  Tycho  of  the  fecond,  Flamstead  lays  down  as  between  the  firft  and  fecond. 

So 
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So  that  infcead  of  6 magnitudes,  we  may  fay  that  there  are  almoft  as  many  orders  of  ftars, 
as  there  are  ftars  ; fuch  confiderable  varieties  being  obfervable  in  their  magnitude,  colour, 
and  bvightnefs. 

Schol.  2.  To  the  bare  eye  the  ftars  appear  of  fome  fenfible  magnitude,  owing  to  the 
glare  of  light  arifing  from  the  numberlefs  relle&ions  of  the  rays  in  coming  to  the  eye  ; this 
leads  us  to  imagine  that  the  ftars  are  much  larger  than  they  would  appear,  if  we  faw  them 
only  by  the  few  rays  which  come  diredtly  from  them,  fo  as  to  enter  the  eye  without  being 
intermixed  with  others. 

Exp.  Examine  a fixed  ftar  of  the  firft  magnitude  through  a long  and  narrow  tube ; 
which,  though  it  takes  in  as  much  of  the  Iky  as  would  hold  a thoufand  fuch  ftars,  fcarcely 
renders  that  one  vifible. 

Schol.  3.  There  feems  but  littlp  reafon  to  expeG:  that  the  real  magnitudes  of  the  fixed 
ftars  will  ever  be  difcovered  with  certainty  ; we  muft,  therefore,  be  contented  with  an 
approximation,  deduced  from  their  parallax,  (if  this  fhould  ever  be  afcertained)  and  the 
quantity  of  light  they  afford  us  compared  with  the  fun.  To  this  purpofe,  Dr.  Herschel 
informs  us  that  with  a magnifying  power  of  6450,  and  by  means  of  his  new  micrometer, 
he  found  the  apparent  diametar  of  « Lyne  to  be  o//.335< 

Dr.  Herschel’s  method  of  finding  the  annual  parallax  of  the  fixed  ftars  is  by  obferving 
how  the  angle  between  two  ftars  very  near  to  each  other  varies  in  oppofite  parts  of  the 
year.  The  following  is  the  moft  fimple  cafs  given  by  that  great  aflronomer.  Let  G and  E 
Plate  11.  be  two  ftars  fituated  in  a line  with  the  earth  at  A,  and  fuppofed  perpendicular  to  the  diameter 

F'g-  ^23  Df  the  earth’s  orbit,  and  when  the  earth  is  at  B obferve  the' angle  GBE.  Let  P — the 

angle  AGB,  or  the  annual  parallax  of  G \ p the  angle  GBE  found  by  obfervation  ; M,  m, 
the  angles  under  which  the  diameters  of  G and  E appear,  and  draw  GH  perpendicular  to 
BG.  Then  p : P ; ; GH  :'AB  : : GE  : AE  : : (becaufe  M : m : : AE  : AG)  M — m : M, 

hence  P = ^ - the  parallax  G.  If  G be  a ftar  of  the  firft  magnitude,  and  E one  of  the 

1 M — m 

third,  and  p = 1".  then  P r=  1"  b See  Phil.  Tranf.  Vol.  lxxii. 

This  theory  is  only  true  upon  the  fuppofition  that  the  ftars  are  all  of  the  fame  magnitude ; 
and  that  a ftar  of  the  fecond  magnitude  is  at  double  the  diftance  of  one  of  the  firft,  and  fo 
on  : Thefe  fuppofitions  are  certainly  not  founded  on  any  analogy  from  the  known  and  well 
cftabiiflied  principles  of  that  fyftem  of  bodies  to  which  we  belong. 

Schol.  4.  The  ingenious  obfervation  of  Kepler  upon  the  magnitudes  and  diftances 
of  the  fixed  ftars,  deferves  to  be  introduced  here,  and  the  more  fo,  as  he  was  followed  in 
the  conje&ure  by  the  great  Dr.  Halley.  He  obfcrves,  that  there  can  be  only  13  points 
upon  the  furface  of  a fphere  as  far  diftant  from  each  other  as  from  the  centre  ; and  fuppof- 
ing  the  neareft  fixed  ftars  to  be  as  far  from  each  other  as  from  the  fun,  he  concludes  that 
there  can  be  only  13  ftars  of  the  firft  magnitude.  Hence  at  twice  that  diftance  from  the 
fun  there  may  be  placed  four  times  as  many,  or  52  : At  three  times  that  diftance,  nine  times 

as 
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as  many,  or  117;  and  fo  on.  Thefe  numbers  will  give  pretty  nearly  the  number  of  liars 
of  the  firft,  fecond,  third,  &c.  magnitudes.  Dr.  Halley  farther  remarks,  that  if  the  number 
of  liars  be  finite,  and  occupy  only  a part  of  fpace,  the  outward  liars  would  be  continually 
attraCled  to  thofe  within,  and  in  time  would  unite  into  one.  But  if  the  number  be  infinite, 
and  they  occupy  an  infinite  fpace,  all  the  parts  would  be  nearly  in  equilibrio,  and  confe- 
quently  each  fixed  liar  being  drawn  in  oppofite  directions  would  keep  its  place,  or  move  on 
till  it  had  found  an  equilibrium.  Phil.  Tranf.  N.  364.  See  alfo  the  introductory  remarks 
of  Dr.  Herfchel  to  a paper  on  the  changes  of  the  fixed  liars.  Phil.  Tranf.  1796. 

PROP.  CLXXVIII.  The  fixed  ftars  are  divided  into  conftellations, 
or  fyftems  of  ftars. 

The  ancients,  that  they  might  the  better  dillinguilh  the  liars  with  regard  to  their  fituation 
in  the  heavens,  divided  them  into  feveral  conftellations,  that  is,  fyftems  of  liars,  each  fyftem 
confifling  of  fuch  as  are  near  each  other.  And  to  dillinguifh  thefe  fyftems  from  one  anoth- 
er, they  gave  them  the  names  of  fuch  men  or  things  as  they  fancied  the  fpace  they  took 
up  in  the  heavens  reprefented.  To  thefe,  feveral  new  conftellations  have  been  added  by 
modern  aftronomers.  ' 


Schol.  The  following  table  contains  the  names  of  the  conftellations,  and  the  number 
of  ftars  obferved  in  each  by  different  aftronomers. 


The  Ancient  ConJUllationt. 

Ptolemy. 

Tycho. 

Hevelius.  Flamjlead. 

Urfa  minor 

The  Little  Bear 

' 8 

7 

J 2 

24 

Urfa  major 

The  Great  Bear 

35 

29 

73 

87 

Draco 

The  Dragon 

32 

40 

80 

Cepheus 

Cepheus 

13 

4 

51 

35 

Bootes,  ArElophilax 

Bootes 

23 

18 

52 

54 

Corona  Borealis 

The  Northern  Crown 

8 

8 

8 

21 

Hercules,  Engotmftn 

Hercules  kneeling 

29 

28 

45 

”3 

Lyra 

The  Harp 

10 

1 1 

J7 

21 

Cvgnus,  Gallina 

The  Swart 

*9 

18 

47 

81 

Calfiopea 

The  Lady  in  her  Chair 

13 

26 

37 

55 

Perfeus 

Perfeus 

29 

29 

4 6 

59 

Auriga 

The  Waggoner 

14 

9 

40 

66 

Serpentarius,  Ophiuchus 

Serpentarius 

29 

*5 

40 

74 

Serpens 

The  Serpent 

18 

*3 

22 

64 

Sagitta 

The  Arrow 

5 

5 

5 

IS 

Aquila,  Vultur 

The  Eagle  J 

12 

23 

Antinous 

Antinous  3 

*5 

3 

*9 

71 

344 
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The  Ancient  Conciliations. 

Ptolemy, 

Tycho. 

Hevclius.  FljmJlcai. 

Delph'inus 

The  Dolphin 

IO 

10 

14 

18 

Equulus,  Eqt/i  fectla 

The  Horfe’s  Head 

4 

4 

6 

10 

Pegafus,  Eqttus 

The  Flying  Horfe 

20 

*9 

33 

89 

Andromeda 

Andromeda 

23 

23 

47 

<56 

Triangulum 

The  Triangle 

4 

4 

12 

16 

Aries 

The  Ram 

18 

21 

27  - 

66 

Taurus 

The  Bull 

44 

43 

51 

141 

Gemini 

The  Twins 

25 

25 

38 

85 

Cancer 

The  Crab 

23 

r5 

29 

83 

Leo 

The  Lion 

3° 

49 

95 

Coma  Berenices 

Berenice’s  Hair  j 

35 

14 

21 

43 

Virgo 

The  Virgin 

32 

33 

5° 

1 10 

Libra,  Chela 

The  Scales 

17 

10 

20 

51 

Scorpius 

The  Scorpion 

24 

10 

20 

44 

Sagittarius 

The  Archer 

3 1 

14 

22 

69 

Capricornus 

The  Goat 

28 

28 

29 

51 

Aquarius 

The  Water-bearer 

45 

4i 

47 

108 

Pi  fees 

The  Fifhes 

38 

36 

39 

nj 

Cetus 

The  Whale 

22 

2 X 

45 

97 

Orion 

Orion 

38 

42 

62 

78 

Eridanus,  Flu  vine 

Eridanus,  the  River 

34 

10 

27 

84 

Lepus 

The  Hare 

12 

*3 

1 6 

*9 

Can  is  major 

The  Great  Dog 

29 

*3 

21 

31 

Canis  minor 

The  Little  Dog 

2 

2 

13 

14 

Argo  Navis 

The  Ship 

45 

3 

4 

64 

Hydra 

The  Hydra 

27 

l9 

31 

60 

Crater 

The  Cup 

7 

3 

10 

3i 

Corvus 

The  Crow 

7 

4 

9 

Centaurus 

The  Centaur 

37 

35 

Lupus 

The  Wolf 

*9 

24 

Ara 

The  Altar 

7 

9 

Corona  Auftralius 

The  Southern  Crown 

13 

12 

Pifcis  Auftralis 

The  Southern  Filh 

18 

24 

The  New  Southern  Conjlellations, 

Columba  Noachi 

Noah’s  Dove 

10 

Robur  Carolinum 

The  Royal  Oak 

12 

Grus 

The  Crane 

*3 

The 
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*Xb*  New  Southern  Conjlellationt. 


Phoenix 

The  Phenix 

13 

Indus 

The  Indian 

12 

Pavo 

The  Peacock 

14 

Apus,  Avis  Indica 

The  Bird  of  Paradile 

11 

Apis  Mufca 

The  Bee  or  Fly 

4 

Chamadson 

The  Cameleon 

10 

Triangulum  Auftrale 

The  South  Triangle 

5 

Pifcis  volans,  Pajfer 

The  Flying  Fifh 

8 

Dorado,  Xiphias 

The  Sword  Fifh 

6 

i 

Toucan 

The  American  Goofe 

9 

Hydrus 

The  Water  Snake 

so 

Hevelsus's  Conftellations  made  out  of  the  unformed  Stars. 

HeveliuSi 

Flamjlead . 

Lynx 

The  Lynx 

19 

44 

Leo  minor 

The  Little  Lion 

53 

Afterion  & Chara 

The  Grey  Hounds 

23 

25 

Cerberus 

Cerberus 

4 

Vulpecula  & Anfer 

The  Fox  and  Goofe 

27 

35 

Scutum  Sobielki 

Sobiefki’s  Shield 

7 

Lacerta 

The  Lizard 

10 

1 6 

Camelopardalus 

The  Camelopard 

32 

S3 

Monoceros 

The  Unicorn 

l9 

3 1 

Sextans 

The  Sextant 

1 1 

4i 

Schol.  i.  Stars  not  included  in  any  conflellation  are  called  unformed  liars.  Befides 
tKe  names  of  the  conftellations,  the  ancient  Greeks  gave  particular  names  to  fome  fingle 
ftars,  or  fmall  collections  of  liars  : thus,  the  duller  of  fmall  liars  in  the  neck  of  the  bull, 
was  called  the  Pleiades ; live  liars  in  the  bull’s  face,  the  Hyades ; a bright  liar  in  the  breaft 
of  j Leo,  the  Lyon's  Heart  / and  a large  liar  between  the  knees  of  Bootes,  Arclurus. 

Schol.  2.  The  conftellations  may  be  reprefented  on  two  plane  fpheres  projected  on 
a great  circle,  or  on  the  convex  furface  of  a folid  fphere,  as  on  the  celeftial  globe,  or  moll 
perfectly  on  the  concave  furface  of  a hollow  fphgre.  If  the  celeftial  globe  be  made  ufe  of, 
after  rectifying  it  to  the  time  of  the  night,  the  ftars  may  be  found,  by  conceiving  a line 
drawn  from  the  centre  of  the  globe  through  any  liar  in  the  heavens,  and  its  reprefentation 
upon  the  globe.  Greek  letters  have  been  added  by  Bayer  to  ftars  in  the  feveral  conftella- 
tions of  his  catalogue,  (ot  being  affixed  to  the  largeft  liar)  by  means  of  which  any  liar  may 
jje  eafily  found. 

Schol.  3.  Twelve  of  thefe  conftellations  lie  upon  the  ecliptic,  including  a fpace  about 
1 50.  broad,  called  the  Zodiac , within  which  all  the  planets  move.  The  conftellation  Aries 
about  2000  years  ago,  lay  in  the  firft  fign  of  the  ecliptic  5 but  on  account  of  the  preceffion 
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of  the  equinoxes,  it  now  lies  in  the  fecond.  Prop.  CLXXII.  Schol.  In  the  foregoing  table 
Antinous  was  made  out  of  the  unformed  flars  near  Aquila  : And  Coma  Berenices  out  of  the 
unformed  (tars  near  the  Lyon's  tail.  They  are  both  mentioned  by  Ptolemy,  but  as  unform- 
ed liars.  The  conftellations  as  far  as  the  triangle,  with  Coma  Berenices , are  northern ; thofe 
alter  Pifces  are  fouthern. 

PROP.  CLXXIX.  The  luminous  part  of  the  heavens,  called  the 
Milky  Way , confifts  of  fixed  ftars  too  fmall  to  be  feen  by  the  naked  eye. 

This  is  found  from  obfervations  made  with  telefcopes. 

“ In  a paper  on  the  Conftrudlions  of  the  Heavens,  Dr.  Herfchel  fays  it  is  very  probable, 
that  the  great  flratum  called  the  milky  way  is  that  in  which  the  fun  is  placed,  though  perhaps 
not  in  the  centre  of  its  thicknefs,  but  not  far  from  the  place  where  fome  fmaller  ftratum 
branches  from  it.  Such  a fuppofition  will  fatisfadorily,  and  with  gryt  fimplicity,  account 
for  all  the  phenomena  of  the  milky  way,  which,  according  to  this  hypothefis,  is  no  other 
than  the  appearance  of  the  proje&ion  of  the  liars  contained  in  this  ftratum,  and  its  fecondary 
branch,” 

In  another  paper  on  the  fame  fubje£t,  he  fays,  (t  that  the  milky  way  is  a moll  extenfive 
llratum  of  liars  of  various  fizes  admits  no  longer  of  the  lead  doubt ; and  that  our  fun  is 
actually  one  of  the  heavenly  bodies  belonging  to  it  is  as  evident.” 

“ We  will  now  retreat  to  our  own  retired  ftation  in  one  of  the  planets  attending  a liar  in 
the  great  combination  with  numberlefs  others  ; and  in  order  to  invelligate  what  will  be  the 
appearances  from  this  contracted  fituation,  let  us  begin  with  the  naked  eye.  The  ftars  of  the 
lirtt  magnitude,  being  in  all  probability  the  nearelt,  will  furnifh  us  with  a Hep  to  begin  our 
fcale  ; fetting  off,  therefore,  with  the  diftance  of  Sirius  or  Ar&urus,  for  inllance,  as  unity, 
we  will  at  prefent  fuppofe,  that  thofe  of  the  fecond  magnitude  are  at  double,  and  thofe  of 
the  third  at  treble  the  diftance,  and  fo  forth.  Taking  it,  then,  for  granted,  that  a ftar  of  the 
feventh  magnitude  is  about  feven  times  as  far  from  us  as  one  of  the  fir  It,  it  follows  that  an 
ohferver,  who  is  enclofed  in  a globular  duller  of  ftars,  and  not  far  from  the  centre,  will  never 
be  able,  with  the  naked  eye,  to  fee  to  the  end  of  it ; For  fince,  according  to  the  above  eftima- 
tions,  he  can  only  extend  his  view  about  feven  times  the  diftance  of  Sirius,  it  cannot  be  ex- 
pedited that  his  eyes  fhould  reach  the  borders  of  a duller,  which  has,  perhaps,  not  lefs  than 
fifty  ftars  in  depth  every  where  around  him.  The  whole  univerfe,  therefore,  to  him,  will  be 
comprifed  in  a fet  of  conllellations,  richly  ornamented  with  fcattered  ftars  of  all  fizes.  Or  if 
the  united  brightnefs  of  a neighbouring  duller  of  ftars  Ihould,  in  a remarkably  clear  night, 
reach  his  light,  it  will  put  on  the  appearance  of  a fmall,  faint,  nebulous  cloud,  not  to  be  per- 
ceived without  the  greateft  attention.  Allowing  him  the  ufe  of  a common  telefcope,  he  begins 
to  fufpect  that  all  the  milkynefs  of  the  bright  path  which  furrounds  the  fphere  may  be  owing 
to  ftars.  By  increafing  his  power  of  vifion,  he  becomes  certain,  that  the  milky  way  is  indeed 
no  other  than  a colleClion  of  very  fmall  ftars,  and  the  nebulae  nothing  but  clufters  of  liars.” 

Dr.  Herfchel  then  folves  a general'  problem  for  computing  the  length  of  the  vilual  ray : 
That  of  the  telefcope,  which  he  ufes,  will  reach  to  ftars  497  times  the  diftance  of  Sirius. 
Now  (by  Prop.  B.  Cor.  1.  p.  347.)  Sirius  cannot  be  nearer  than  100.000  X 194.000.000  miles, 
therefore  Dr.  Herfchd’s  telefcope  will,  at  leaft,  reach  to  100.000  X 194.000.000  X 497  miles. 

And 
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And  Dr.  Herfchel  fays,  that  in  the  moil  crowded  part  of  the  milky  way,  he  has  had  fields  of 
view  that  contained  no  lefs  than  588  liars,  and  thefe  were  continued  for  many  minutes,  fo 
that,  in  a quarter  of  an  hour,  he  has  feen  1 i<5,ooo  liars  pafs  through  the  field  view  of  a tele- 
fcope  of  only  15'.  aperture  : and  at  another  time,  in  41  minutes,  he  faw  258.000  flars  pafs 
through  the  field  of  his  telefcope.  Every  improvement  in  his  telefcopes  has  difcovered  liars 
not  feen  before,  fo  that  there  appears  no  bounds  to  their  number,  or  to  the  extent  of  the 
univerfe.  See  Phil.  Tranf.  Vol.  lxxiv.  and  lxxvi. 

Schol.  1.  There  are  fpots  in  the  heavens,  called  Nebula;,  fome  of  which  confift  of 
Clullers  of  telefcopic  liars,  others  appear  as  luminous  fpots  of  different  forms.  The  moll 
confiderable  is  one  in  the  mid- way  between  the  two  liars  on  the  blade  of  Orion’s  fword, 
marked  0 by  Bayer,  difcovered  in  the  year  1656  by  Huygens  •,  it  contains  only  feven  liars, 
and  the  other  part  is  a bright  fpot  upon  a dark  ground,  and  appears  like  an  opening  into 
brighter  regions  beyond.  Dr.  Halley  and  others  have  difcovered  nebulae  in  different  parts 
of  the  heavens.  In  the  Connoijfance  des  Temps  for  1783  and  1784,  there  is  a catalogue  of  103 
nebulae  obferved  by  Messier  and  Mechain.  But  to  Dr.  Herschel  we  are  indebted  for 
catalogues  of  2000  nebulae  and  clullers  of  flars  which  he  himfelf  has  difcovered.  Some  of 
them  form  a round  compadt  fyltem,  others  are  more  irregular,  of  various  forms,  and  fome 
are  long  and  narrow.  The  globular  fyltems  of  liars  appear  thicker  in  the  middle,  than  they 
Would  do  if  the  liars  were  all  at  equal  dillances  from  each  other  ; they  are  therefore  condenfed 
towards  the  centre.  That  liars  Ihould  be  thus  accidentally  difpofed  is  too  improbable  a fup- 
pofition  to  be  admitted  ; he  fuppofes,  therefore,  that  they  are  brought  together  by  their  mutu- 
al attractions,  and  that  the  gradual  condenfation  towards  the  centre,  is  a proof  of  a central 
power  of  fuch  a kind.  He  obferves  alfo,  that  there  are  fome  additional  circumftances  in  the 
appearance  of  extended  clullers  and  nebulae,  that  very  much  favour  the  idea  of  a power 
lodged  in  the  brightefl  part.  For  although  the  form  cf  them  be  not  globular,  it  is  plain 
that  there  is  a tendency  to  fphericity.  As  the  flars  in  the  fame  nebulae  muft  be  very  nearly 
all  at  the  fame  relative  dillances  from  us,  and  they  appear  nearly  of  the  fame  fize,  their  real 
magnitudes  mud  be  nearly  equal.  Granting,  therefore,  that  thefe  nebulae  and  clullers  of 
flars  are  formed  by  mutual  attraction,  Dr.  Herfchel  concludes  that  we  may  judge  of  their 
relative  age  by  the  difpofition  of  their  component  parts,  thofe  being  the  oldeft  which  are  moll 
compreffed.  He  fuppofes,  and  indeed  offers  powerful  arguments  to  prove,  that  the  milky 
way  is  the  nebulae,  of  which  our  fun  is  one  of  its  component  parts.  See  Phil.  Tranf.  Vol. 
lxxvi.  and  lxxix. 

Schol.  2.  Dr.  Herfchel  has  alfo  difcovered  other  phenomena  in  the  heavens  which  lie 
calls  nebulous  liars,  that  is,  liars  furrounded  with  a faint  luminous  atmofphere  of  large 
extent.  Thofe  which  have  been  thus  ftyled  by  other  allromomers,  he  fays,  ought  not  to 
have  been  fo  called,  for  on  examination  they  have  proved  to  be  either  mere  clullers  of  flars 
plainly  to  be  dillinguilhed  by  his  large  telefcopes,  or  fuch  nebulous  appearances  as  might  be 
cccafioned  by  a multitude  of  liars  at  a vail  dillance.  The  milky  way  confills  entirely  of 
flars  \ and  he  fays,  “ I have  been  led  on  by  degrees  from  the  moll  evident  congeries  of  liars 
to  other  groups  in  which  the  lucid  points  were  fmaller,  but  Hill  very  plainly  to  be  feen  ; and 
from  them  to  fuch  wherein  they  could  but  barely  be  fufpedled,  until  I arrived  at  laft  to  fpots 
in  which  no  trace  of  a flar  was  to  be  difeerned.  But  then  die  gradation  to  thefe  latter  were  by 
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fucli  connecSled  dcps  as  left  no  room  for  doubt  but  that  all  thefe  phenomena  were  equally  oc- 
cafioned  by  liars  varioufly  difperfed  in  the  immenfe  expanfe  of  the  univerfe.” 

In  the  fame  paper  is  given  an  account  of  fome  nebulous  liars,  one  of  which  is  thus  defcribed  : 
“ Nov.  13,  1790.  A moll  Angular  phenomenon  ! A liar  of  the  eighth  magnitude,  with  a 
faint  luminous  atmofphere  of  a circular  form,  and  of  about  3'.  in  diameter.  The  liar  is  per- 
fectly in  the  centre,  and  the  atmofphere  is  fo  diluted,  faint  and  equal  throughout,  that  there 
can  be  no  furmife  of  its  confiding  of  liars,  nor  can  there  be  a doubt  of  the  evident  connexion 
between  the  atmofphere  and  the  liar.  Another  (tar  not  much  lefs  in  brightnefs,  and  in  the 
lame  field  of  view  with  the  above,  was  perfectly  free  from  any  fuch  appearance.”  Hence  Dr. 
Herfchel  draws  the  following  conferences  : Granting  the  connexion  between  the  liar  and 
the  furrounding  nebulofity,  if  it  con  fill  of  dars  very  remote  which  gives  the  nebulous  appear- 
ance, the  central  dar,  which  is  vifible,  mud  be  immenfely  greater  than  the  red  ; or  if  the  cen- 
tral dar  be  no  bigger  than  common,  how  extremely  fmall  and  comprefled  mud  be  thofe  other 
luminous  points  which  occafion  the  nebulofity  ? As,  by  the  former  fuppofition,  the  luminous 
central  point  mull  far  exceed  the  dandard  of  what  we  call  a dar  ; fo  in  the  latter,  the  diining 
matter  about  the  centre  will  be  too  fmall  to  come  under  the  fame  denomination;  we,  therefore, 
either  have  a central  body  which  is  not  a dar,  or  a dar  which  is  involved  in  a fhining  fluid,  of 
a nature  totally  unknown  to  us.  This  lad  opinion  Dr.  Herfchel  adopts.  Light  reflected  from 
the  dar  could  not  be  feen  at  this  didance.  Befides,the  outward  parts  are  nearly  as  bright  as  thofe 
near  the  dar.  Moreover,  a cluder  of  dars  will  not  fo  completely  account  for  the  milkynefs 
or  foft  tint  of  the  light  of  thefe  nebulae,  as  a felf  luminous  fluid.  “ What  a field  of  novelty,” 
fays  Dr.  Herfchel,  “ is  here  opened  to  our  conceptions  ! A diining  fluid,  of  a brightnefs  diffi- 
dent to  reach  us  from  the  regions  of  a dar  of  the  8th,  9th,  10th,  nth,  12th  magnitude,  and 
of  an  extent  fo  confiderable  as  to  take  up  3,  4,  5,  or  6 minutes  in  diameter.”  He  conjectures 
that  this  diining  fluid  may.be  compofed  of  the  light  perpetually  emitted  from  millions  of  dars. 
See  Phil.  Tranf.  Vol.  lxxxi.  p.  1.  on  Nebulous  Stars  properly  fo  called. 

Schol.  3.  New  dars  fometimes  appear  while  others  difappear.  Several  dars,  mentioned 
by  ancient  adronomers  are  not  now  to  be  found  : feveral  are  now  vifible  to  the  naked  eye,  which 
are  not  mentioned  in  the  ancient  catalogues  5 and  fome  dars  have  fuddenly  appeared,  and  again, 
after  a confiderable  interval,  vanidied  : alfo  a change  of  place  has  been  obferved  in  fome  dars. 

The  following  are  remarkable,  and  well  authenticated  examples.  The  firfl  new  dar  we  have 
an  accurate  account  of,  is  that  difeovered  by  Cornelius  Gemma,  on  Nov.  8, 1572,  in  the  Chair 
cf  Gajfiopeia.  It  exceeded  Sirius  in  brightnefs,  and  Jupiter  in  apparent  magnitude.  Tycho 
Brahe  obferved  it,  and  found  that  it  had  no  fenfible  parallax.  It  gradually  decayed,  and  after 
16  months,  difappeared. 

On  Augud  13, 1 596,  David  Fabricius  obferved  a new  dar  in  the  Neck  of  the  Whale , 25®. 
4$'.  of  Aries,  with  1 50.  54'.  fouth  latitude.  It  difappeared  after  October  in  the  fome  year  ; 
was  difeovered  again  in  1637. 

In  the  year  1600,  William  Jansenus  difeovered  a changeable  dar  in  the  neck  of  the  Swan. 
It  was  feen  by  Kefler,  who  wrote  a treatife  upon  it,  and  determined  its  place  to  be  1 6°.  18'. 
ZZ,  and  550.  30'.  or  32'.  north  latitude.  Ricciolus  faw  it  in  1616,  1621,  and  1624,  and  is 
certain  that  it  was  itivifible  from  1640  to  1650.  M.  Cassini  faw  it  again  in  165$  > it  increaf- 
cd  till  1660  ; then  decreafed  ; and  at  the  end  of  1661,  it  difappeared.  In  November,  1665,  it 
appeared  again,  and  difappeared  in  1681.  In  1 71 5 it  appeared,  as  it  does  atprefent,  of  the 
6th  magnitude.  . 
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In  1686  Kircher  obferved  x in  the  Swan,  to  be  a changeable  ftar  ; and  from  20  years 
obferyations,  the  period  of  the  return  of  the  fame  phafes  was  found  to  be  405  days  ; the  va- 
riations of  its  magnitude  are  fubjeftr  to  fome  irregularity. 

In  the  year  1604,  Kepler  difcovered  a new  ftar  near  the  heel  of  Serpentarius,  fo  very  bril- 
liant, that  it  exceeded  every  fixed  ftar,  and  even  Jupiter,  in  apparent  magnitude. 

Montanari  difcovered  two  ftars  in  the  Ship,  marked  /3  and  y,  by  Bayer,  to  be  wanting. 
He  faw  them  in  1664,  but  loft  them  1668.  He  obferved  alfo  that  /3,  in  Medufas  Head , varied 
in  its  magnitude. 

Mr.  Goodricke  has  determined  the  periodical  variation  of  Algol,  or  /3,  in  Med ufa’s  Head 
(obferved  by  Montanari  to  be  variable)  to  be  about  2 days  2 1 hours.  Its  greateft  bright- 
nefs  is  of  the  fecond  magnitude,  and  leaft  of  the  fourth.  Phil.Tranf.  Vol.  lxxiii. 

Schol.  4.  From  an  attentive  examination  of  the  ftars  with  good  telefcopes,  many  of  which 
appear  only  fingle  to  the  naked  eye,  are  found  to  confift  of  two,  three,  or  more  ftars.  Dr. 
Maskelyne  had  obferved  a Herculis , to  be  a double  ftar.  Dr.  Hornsby  found  t Bootis  to 
be  double.  Other  aftronomers  had  made  fimilar  difeoveries.  But  Dr.  Herschei.,  by  his 
highly-improved  telefcopes  has  found  about  700,  of  which,  not  more  than  42  had  been 
obferved  before. 

The  following  are  a few  of  the  mod  remarkable  : 

u.  Herculis , Flam.  64,  a beautiful  double  ftar;  the  two  ftars  very  unequal;  the  largeft 
red,  and  the  fmalleft  blue,  inclining  to  green. 

a Gemittorwn , Flam.  66,  double,  a little  unequal,  both  white;  with  a power  of  146 
their  diftance  appears  equal  to  the  diameter  of  the  fmalleft. 

£ Lyra,  Flam.  4,  and  5,  a double-double  ftar;  at  firft  fight  it  appears  double  at  a con- 
fiderable  diftance,  and  by  a little  attention  each  will  appear  double ; one  fet  are  equal,  alid 
both  white ; the  other  unequal,  the  largeft  white,  and  the  fmalleft  inclined  to  red. 

/3  Lyra,  Flam,  io,  quadruple,  unequal,  white;  but  three  «f  them  a little  inclined  to 
red. 

a Orionis,  Flam.  39,  quadruple,  or  rather  a double  ftar,  and  has  two  more  at  a fmall 
diftance  ; the  double  ftar  confiderably  unequal,  the  largeft  white  ; fmalleft,  pale.rofe-colour. 

y Herculis , Flam.  86,  double,  very  unequal ; the  fmall  ftar  is  not  vifible  with  a power 
of  278,  but  is  feen  very  well  with  one  of  460 ; the  largeft  is  inclined  to  a pale  red,  fmall- 
eft, dufkifh. 

a Lyra,  Flam.  3,  double,  very  unequal,  the  largeft  a fine  brilliant  white,  the  fmalleft 
duficy  ; it  appears  with  a power  of  227.  Dr.  Herschel  meafured  the  diameter  of  this  fine 
ftar,  and  found  it  to  be  o".2^3‘ 

The  examination  of  double  ftars  with  a telefcope,  is  a very  excellent  and  ready  method  of 
proving  its  powers.  Dr.  Herschel  recommends  the  following  method.  The  telefcope, 
and  the  obferver,  having  been  fome  time  in  the  open  air,  adjuft  the  focus  of  the  telefcope 
to  fome  fingle  ftar  of  nearly  the  fame  magnitude,  altitude,  and  colour  of  the  ftar,  to  be 
examined ; attend  to  all  the  phenomena  of  the  adjufting  ftar  as  it  pafl'es  through  the  field 
of  view  ; whether  it  be  perfe£tly  round,  and  well  defined,  or  affe&ed  with  little  appendages 
playing  about  the  edge,  or  any  other  circumftances  of  the  like  kind.  Such  deceptions  may 
be  dt'tefted  by  turning  the  obje£t-glafs  a little  in  its  cell,  when  thefe  appendages  will  turn 
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the  fame  way.  Thus  you  may  detedl  the  imperfections  of  the  indrument,  and  therefore 
will  not  be  deceived  when  you  come  to  examine  the  double  liar.  Phil.  Tranf.  Vol.  lxxii. 
and  lxxv. 

Schol.  5.  The  number  of  liars  is  unknown.  The  catalogue  publilhed  by  Bayer  con- 
tains 1160;  that  by  Flamstead,  which  includes  many  telefcopic  (tars,  contains  3000. 
But  the  mod  complete  catalogue,  is  that  publilhed  by  the  Rev.  Mr.  Wollaston,  in  1789. 

PROP.  CLXXX.  The  longitude  of  the  fixed  ftars  increafes,  while 
their  latitude  remains  the  fame. 

Becaufe  the  vernal  equinoctial  point  (by  Prop.  CLXXI.)  moves  weft  ward,  the  didance 
between  any  given  dar  and  that  point,  that  is,  its  longitude,  will  increafe.  But  fince  this 
change  is  produced  by  the  preceflion  of  the  equinoxes,  which  is  performed  round  the  axis 
of  the  ecliptic,  this  motion  will  make  no  change  in  the  didance  of  the  fixed  dar  from  the 
ecliptic,  that  is,  in  its  latitude. 

Cor.  Hence  the  condellations  of  the  zodiac  are  to  the  ead  of  thofe  figns  or  arcs  of  the 
zodiac  which  are  called  by  the  fame  names.  The  fird  part  of  the  condellation  Aries,  by 
the  preceflion  of  the  equinoxes,  has  gone  fo  far  to  the  ead,  fince  the  names  were  fird  giv- 
en to  the  figns,  that  it  is  now  30°.  from  the  fird  degree  of  Aries  in  the  line  of  the  ecliptic. 


Def.  LXVIII.  The  Annual  Parallax  of  a heavenly  body,  is  the  change 
of  its  apparent  place,  as  it  is  viewed  from  the  earth  in  its  annual  motion. 

Plate  ir.  If  ADBC  be  the  orbit  of  the  earth,  S the  fun,  and  A,  B,  the  earth  in  oppofite  parts  of 
Fig. its  orbit : the  change  in  the  apparent  place  of  any  body,  as  viewed  from  A and  from  B,  is 
its  annual  parallax. 


PROP.  CLXXXI.  The  annual  parallax  of  any  heavenly  body  is  pro- 
portional to  the  angle  which  a diameter  of  the  earth’s  orbit  would  fubtend, 
if  it  was  viewed  from  that  body. 

If  when  the  earth  is  at  A,  the  fixed  dar  E appears  at  or  near  the  pole,  and  when  the 
earth  has  pafled  to  the  oppofite  point  B,  a different  dar  F appears  at  or  near  the  fame  pole, 
the  dar  E will  have  changed  its  place  in  refpeft  of  the  pole  ; for  when  the  pole  is  at  F,  the 
dar  E which  was  at  or  near  it  before,  is  at  the  didance  EF  from  it : the  apparent  length 
of  this  didance  EF  (by  Def.  LXVIII.)  is  the  dar’s  annual  parallax.  Now  if  AB,  the  di- 
ameter of  the  earth’s  orbit,  was  to  be  viewed  from  the  dar  E,  it  would  fubtend  the  angle 
AEB  ; but,  becaufe  the  axis  of  the  earth  is  always  parallel  to  itfelf,  AE  and  BF,  which  co- 
incide with  the  axis,  are  likewife  parallel;  whence  (El.  I.  29.)  the  angle  EBF,  fubtended 
by  EF,  is  equal  to  AEB,  fubtended  by  AB ; and  AEB  is  the  paralla&ic  angle. 
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Cor.  The  annual  parallax  of  any  heavenly  body  is  inverfely  as  its  diftance  from  the 
earth  : for  the  angle  AEB  (by  Book  VI.  Prop.  LXIX.)  is  inverfely  as  the  distance  of  AB, 
the  axis  of  the  earth’s  orbit. 

PROP.  A.  If  the  diftance  of  an  objedt  be  greater  than  100.000 
times  the  bafe,  the  angles  at  the  ftations  will  not  fenfibly  differ  from  right 
angles  ; confequently  the  lines  drawn  from  the  objedt  to  the  ftations,  are, 
phyfically  fpeaking,  parallel, 

Suppofe  one  of  the  angles  to  be  90.  Then,  fince  the  molt  accurate  inftruments  for  the 
menfuration  of  angles  cannot  be  depended  upon  to  lefs  than  2".  the  tangent  of  which  is  to 
radius  as  1 to  103. 13 2.  See  Hutton’s  Logarithms. 

The  angle,  the  tangent  of  which  is  to  radius  as  1 to  100,000,  is  2".o 6,  or  very  little 
more  than  two  feconds. — It  has  been  feen  that  Dr.  Herfchel  depends  upon  his  inllruments 
for  the  accuracy  of  meafuring  quantities  much  lefs  than  2". 

PROP.  B.  The  parallax  of  an  objedt,  the  diftance  of  which  is 
above  100,000  times  greater  than  that  between  the  two  ftations  of  obfer- 
vation,  is  infenfible, 

If  the  object  be  at  a greater  diftance  from  either  ftation  than  100,000  times  the  bafe,  the 
angle  at  one  of  the  ftations  being  90°,  the  angle  at  the  other  will  be  more  than  89°  59'  57X9, 
the  difference  of  which  angle  and  90°.  being  fcarcely  more  than  2".  is  too  fmall  to  become 
fenfible  by  obfervatiou. 

Cor.  1.  If  the  parallax  of  an  object  (obferved  with  an  inftrument  fufficiently  exa£t  to 
meafure  an  angle  of  2".)  be  infenfible,  the  diftance  of  it  from  either  ftation  cannot  be  lefs 
than  100,000  times  the  bafe,  from  the  extremities  of  which  it  is  obferved. 

Schol.  It  is  to  be  remarked,  that,  though  the  diftance  of  the  object  cannot  be  lefs  than 
100,000  times  the  bafe,  yet  it  may  be  greater  in  any  aflignable  ratio. 

Cor.  2.  Lines  drawn  from  any  given  points  in  a bafe,  to  an  object,  may  be  efteemed, 
in  practice,  parallel,  without  any  fenfible  error,  if  the  diftance  of  the  objedi  be  more  than 
1 00,000  times  the  bafe. 

Cor.  3.  Rays,  therefore,  diverging  from  any  point  in  the  fun’s  difc  upon  the  furface  of 
the  earth,  may  be  efteemed  parallel,  if  their  diftance  from  each  other  do  not  exceed  about 
970  miles  at  the  earth’s  furface  •,  becaufc  970  is  to  the  diftance  of  the  earth  from  the  fun  in 
a proportion  of  1 to  ioo,oco. 

PROP.  CLXXXII.  The  fixed  ftars  have  no  fenfible  annual  parallax. 

When  the  place  of  the  ftar  E is  obferved  by  the  bed  inftruments  from  oppofite  points  of  riate 
the  earth’s  orbit,  its  apparent  place  in  the  heavens  remains  the  fame,  which  could  not  be  the  F,S- 
cafe  if  the  angle  of  its  parallax  were  fo  much  as  two  feconds. 
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Cor.  I.  Hence  It  appears,  that  the  fixed  ftars  ai-e  fo  remote,  that  a diameter  of  the  earth’s 
orbit  bears  no  proportion  to  their  diftance,  or  (by  Prop.  CLXXXI.)  that  a diameter  of  the 
earth’s  orbit,  if  viewed  from  one  of  the  fixed  ftars,  would  appear  as  a point. 

Cor.  2.  The  diftance  of  the  ftars  muft  be  greater  than  100,000  times  the  bafe,  from 
the  extremities  of  which  it  is  obferved  ; that  is,  greater  than  100,000  times  the  diameter  of 
the  orbit  of  the  earth,  or  greater  than  100,000  x 194,000,000. 


Cor.  3.  Two  planes  drawn  parallel  to  each  other,  and  palling  through  the  extremities 
of  a diameter  of  the  orbit  of  the  earth,  if  produced,  will  appear  to  coincide  with  the  fame 
great  circle  of  the  heavens  ; becaufe  the  diameter  of  the  earth’s  orbit,  when  feen  from  the 
fixed  ftars,  fubtends  an  angle  lefs  than  2".  In  the  fame  manner,  if  a plane,  palling  through 
the  earth’s  centre,  be  parallel  to  a plane  drawn  to  the  furface,  thefe  planes,  when  produced, 
apparently  coincide  with  the  fame  great  circle  in  the  heavens. 

Cor.  4.  The  parallax  of  a fixed  liar,  being  not  more  than  2".  the  fun  when  viewed  from 

Q 2!  6"  I H 

that  ftar,  would  appear  under  an  angle  lefs  than  -A , or  lefs  than  , and  therefore 

200,000  100 

could  not  be  diftinguilhed  from  a point. 


Schor.  Since  bodies  equal  in  magnitude  and  fplendour  to  the  fun,  being  placed  at  the 
diftance  of  the  fixed  ftars,  would  appear  to  us  as  the  fixed  ftars  now  do,  it  may  be  fuppofed 
probable,  that  the  fixed  ftars  are  bodies  fimilar  to  tire  fun,  which  is  the  centre  of  the  folar  fyf- 
tem.  This  being  the  cafe,  the  reafon  will  appear,  why  a fixed  ftar,  when  viewed  through  a 
telefcope  magnifying  200  times,  appears  no  other  than  a point.  For  the  apparent  diameter  of 
the  ftar  being  lefs  than  T^o  part  of  a fecond  when  magnified  200  times,  will  fubtend  an  an- 
gle lefs  than  2".  at  the  eye  of  the  fpedbator,  obferving  it  in  the  telefcope. 

The  parallax  of  the  fixed  ftar,  when  viewed  from  the  oppofite  parts  of  the  earth’s  orbit,  is 
here  afiumed  2".  but  it  is  probable  that  the  parallax  of  the  neareft  ftar  is  much  lefs,  and  con- 
sequently the  diftance  greater,  in  the  fame  proportion,  as  the  parallax  is  lefs. 


PROP.  CLXXXIII.  The  motion  of  the  earth,  and  the  progreflive 
motion  of  light,  will  make  a fixed  ftar,  which  has  no  fenfible  parallax, 
deviate  from  its  true  place  in  the  direction  in  which  the  earth  moves. 


Plate  ii  If  a ftar  S pafles  through  the  zenith  of  anj  place  when  the  earth  is  at  A,  it  will  (by  laft 

Fig. 17*  Prop.)  pafs  through  the  zenith  of  the  fame  place  when  the  earth  is  at  B,  the  oppofite  ex- 

tremity of  the  earth’s  orbit.  Confequently,  fuch  a ftar  might  be  feen  through  a vertical 
telefcope  in  the  fame  perpendicular  at  any  point  of  the  earth’s  orbit,  if  the  motion  of  light 
from  the  ftar  were  inftantaneous.  But  the  progreffive  motion  of  light  will  caufe  the  ftar 
to  deviate  from  the  perpendicular ; for,  let  the  earth  be  moving  from  B to  A,  and  let  the 
velocity  of  light  be  to  the  velocity  of  the  earth,  as  CA  to  BA,  and  let  CB  be  the  diagonal 
of  the  parallelogram  formed  from  CA,  BA.  Then  the  dire£lion  of  a telefcope,  in  order  to 
fee  the  ftar  S when  the  earth  is  arrived  at  A,  muft  be  AH,  parallel  to  BC.  For,  fuppofe  BC 
to  be  a very  long,  flender  telefcope,  through  which  only  one  ray  of  light  could  pafs  at  a time, 
or  to  be  the  axis  of  a larger  telefcope.  The  ftar  S cannot  be  feen  through  this  telefcope,  but 

through 
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through  a telefcope  perpendicular  to  B,  if  the  earth  be  ftationary  at  B,  and  the  progrcfs  of 
li'dit  inlfantaneous.  But  if  the  telefcope  in  the  pofition  BC  were  to  continue  in  this  pofi- 
tion,  and  to  move  along  with  the  earth  to  A,  fo  as  to  come  into  the  fituation  AH,  when  the 
earth  arrives  at  A,  the  Bar  S might  then  be  feen  through  it.  For,  fince  the  Braight  courfe  of 
•the  rav  is  the  line  C A,  in  which  it  mull  always  be  if  it  comes  to  the  eye  without  interruption  ; 
ami  liiice  the  ray  cannot  come  dire£lly  along  CB  the  axis  of  the  telefcope,  and  arrive  at  the  eye 
in  this  axis,  unlefs  it  is  always  in  the  axis  ; that  is,  fince  the  ray,  in  order  to  come  to  the  eye 
mull  be  always  in  the  line  CA,  and  alfo  in  the  line  CB,  it  mull  be  always. in  the  common  in- 
terfeclion  of  thefe  two  lines.  Now  C is  the  common  interfeflion  when  the  earth  is  at  B ; e 
is  the  common  iuterfeflion  when  the  earth  is  at  E ; f,  when  it  is  at  F ; g,  when  it  is  at  G ; 
and  A,  when  at  A •,  the  telefcope,  at  each  ftation,  being  fuccefiivcly  in  the  fituations  CB,  EE, 
FF,  GG,  HA.  Thus  the  common  interfeclion  defeends  down  the  line  CA,  while  the  earth 
moves  from  B to  A ; and,  fince  the  velocity  of  light  is  to  that  of  the  earth,  as  C A to  BA,  a ray 
of  light  will  likewife  have  defeended  down  CxA,  while  the  earth  was  moving  from  B to  A. 
Therefore,  in  the  whole  motion  of  the  telefcope,  the  ray  will  have  been  in  the  common  inter- 
feclion  of  the  line  CA,  and  the  axis  of  the  telefcope,  anti  confequently  wiii  have  palled  along 
the  axis  of  the  telefcope,  and  will  come  without  interruption  to  the  eye  at  A. 

Thus  it  appears,  that  by  the  progrefiive  motion  of  light*  a ray  which,  coming  from  S, 
enters,  at  C,  a telefcope  in  the  fituation  CB,  will  arrive  at  the  eye,  when  the  telefcope,  car- 
ried along  BA  with  a velocity  which  is  to  that  of  the  ray  of  light,  as  BA  to  C A,  is  come  into 
the  fituation  FLA  •,  and  confequently  (Book  VI.  Prop.  II.)  the  eye  will  fee  the  liar  through 
the  telefcope  in  the  direction  AFI  the  axis  of  the  telefcope  ; that  is,  fome  point  in  the  line 
API  produced  will  be  the  apparent  place  of  the  liar.  Thus  the  liar’s  apparent  place  has 
deviated  from  its  true  place  S in  the  direction  BA,  in  which  the  earth  was  moving,  fo  that 
if  the  motion  of  the  earth  is  from  north  to  fouth,  the  Bar  which  appeared  in  the  zenith  of 
the  place  when  the  earth  was  at  B,  will  appear  to  the  fouthward  of  the  zenith  when  the  earth 
is  arrived  at  A,  and  the  reverie  when  the  earth  is  moving  from  fouth  to  north. 

According  to  Bradley’s  obfervations  made  on  the  Bar  y In  the  conftellation  Dragon,  this 
Bar  deviated  fouthward  from  the  zenith  from  Dec.  till  March,  when  it  had  departed  from 
the  zenith  20”.  From  that  time  till  June  its  fouthern  deviation  decreafed,  after  which  it  de- 
viated northward,  and  in  September  appeared  about  20".  towards  the  north  of  its  Bation 
in  June,  from  which  time  till  December,  it  continued  returning  to  its  firB  fituation.  Thus 
the  deviation  of  the  Bar  was  always  in  the  dire£lion  of  the  earth’s  motion,  and  contrary  to 
that  of  any  deviation  which  might  be  fuppofed  to  arife  from  the  annual  parallax  of  the  Bar. 
But  fuch  a deviation  could  not  happen  unlefs  the  earth  moved,  and  the  motion  of  light  was 

(progrelfive  ; for  if  the  earth  did  not  move,  fince  the  Bar  is  fixed,  no  alteration  could  be  made 
in  the  apparent  place  of  the  Bar  by  the  progrefiive  motion  of  its  rays  in  a vertical  direction  : 
and  if  the  earth  moves,  and  the  propagation  of  light  were  infiantaneous,  the  earth’s  velocity 
would  be  nothing  in  refpecl  of  the  velocity  of  light,  or  BA  with  refpe£l  to  CA  would  be 
: nothing  •,  whence  the  angle  ACB,  and  its  alternate  angle  CAII,  would  vanilh,  and  All  would 
become  coincident  with  AC,  and  confequently  the  Bar  would  have  no  deviation  from  its 
true  place.  Hence  we  may  conclude  from  the  deviation  of  the  Bar  above  deferibed,  both 
that  the  earth  moves,  and  that  the  motion  of  light  is  progrelfive. 

Cor.  From  tliefe  obfervations  it  is  found,  that  the  velocity  of  Bar-light  is  fuch  as  carries 
it  through  a fpace  equal  to  the  fun’s  diBance  from  the  earth  in  87*  ij77. 

* X x Schol. 
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Schol.  Sir  Isaac  Newton  lias  (hewn  that  the  fun,  by  Its  attractive  power,  retains 
the  planets  belonging  to  our  fyftem  in  their  orbits  •,  he  has  likewife  pointed  out  the  method 
whereby  the  quantity  of  matter  contained  in  the  fun  may  be  accurately  determined.  Dr. 
Bradi.ey  has  affigned  the  velocity  of  the  folar  light  with  a degree  of  precifion  exceeding 
our  utmoft  expectation.  Galileo  and  others  have  afcertained  the  rotation  of  the  fun  up- 
on its  axis,  and  determined  the  pofition  of  its  equator.  By  means  of  the  tranfit  of  Venus 
over  the  difc  of  the  fun,  our  mathematicians  have  calculated  its  diltance  from  the  earth  y 
its  real  diameter  and  magnitude  ; the  denfity  of  the  matter  of  which  it  is  compofed  ; and 
the  laws  of  the  fall  of  heavy  bodies  on  its  furface. 

In  the  year  1779,  there  was  a fpot  on  the  fun  which  was  large  enough  to  be  feen  by  the 
naked  eye  ; it  was  divided  into  two  parts,  and  muft  have  been  50,000  miles  in  diameter  : 
this  phenomenon  may  be  accounted  for,  from  fome  natural  change  of  an  atmofphere.  For 
if  fuch  of  the  fluids  which  enter  into  its  compofition  be  of  a fhining  brilliancy,  whilft  oth- 
ers are  merely  tranfparent,  then  any  temporary  caufe  which  fhould  remove  the  lucid  fluid 
will  permit  us  to  fee  the  body  of  the  fun  through  the  tranfparent  ones.  If  an  obferver  were 
placed  on  the  moon,  he  could  fee  the  folid  body  of  the  earth  only  in  thofe  places  where  the 
tranfparent  fluids  of  our  atmofphere  would  permit  him.  In  others,  the  opaque  vapours 
would  reflect  the  light  of  the  fun  without  permitting  his  view  to  penetrate  the  furface  of 
our  globe.  He  would  probably  find  that  our  planet  had  occafionally  fome  fhining  fluids  in 
its  atmofphere,  fuch  as  the  northern  lights.  And  there  is  good  reafon  to  believe,  that  all 
the  planets  emit  light  in  fome  degree  ; for  the  illumination  which  remains  on  the  moon  in 
a total  eclipfe  cannot  be  entirely  afcribed  to  the  light  which  may  reach  it  by  the  refraCtion 
of  the  earth’s  atmofphere.  For,  in  fome  cafes,  as  in  the  eclipfe  of  1790,  the  focus  of  the 
fun’s  rays  refraCted  by  the  earth’s  atmofphere,  muft  be  many  thoufand  miles  beyond  the 
moon. 

There  are  appearances  alfo  which  denote  a phofphoric  quality  in  the  atmofphere  of 
Venus. 

Dr.  Herfchel  fuppofes,  that  the  fpots  in  the  fun,  are  mountains  on  its  furface,  which, 
confidering  the  great  attraction  exerted  by  the  fun  upon  bodies  placed  at  its  furface,  and 
.the  flow  revolution  it  has  about  its  axis,  he  thinks  may  be  more  than  300  miles  high,  and 
yet  Hand  very  firmly.  Fie  fays,  that  in  Auguft,  1792,  he  examined  the  fun  with  feveral 
powers  from  90  to  500.  And  it  evidently  appeared,  that  the  black  fpots  are  the  opaque 
ground  or  body  of  the  fun  ; and  that  the  luminous  part  is  an  atmofphere,  which  being  in- 
tercepted or  broken,  gives  us  a glimpfe  of  the  fun  itfelf. 

Hence  he  concludes,  that  the  fun  has  a very  extenfive  atmofphere,  which  confifts  of 
elaftic  fluids  that  are  more  or  lefs  lucid  and  tranfparent  •,  and  of  which,  the  lucid  ones 
furnilh  us  with  light.  This  atmofphere,  he  thinks,  is  not  lefs  than  1843,  nor  more  than 
2765  miles  in  height  ; and  he  fuppofes  that  the  denfity  of  the  luminous  folar  clouds  need 
not  be  exceedingly  more  than  that  of  our  aurora  borealis,  in  order  to  produce  the  effeCts 
with  which  we  are  acquainted. 

The  fun,  then,  appears  to  be  a very  eminent,  large,  and  lucid  planet,  evidently  the  firft 
and  only  primary  one  belonging  to  our  fyftem.  Its  fimilarity  to  the  other  globes  of  the 
folar  fyftem,  with  regard  to  its  folidity  ; — its  atmofphere  ; — its  furface  diverfified  with 
mountains  and  vallies  5 — its  rotation  on  its  axis and  the  fall  of  heavy  bodies  on  its  fur- 
face ; 
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£are leads  us  to  fuppofe  that  it  is  moil  probably  inhabited,  like  the  reft  of  the  planets, 

by  beings  whofe  organs  are  adapted  to  the  peculiar  circumftances  of  that  vaft  globe. 

If  it  be  obje&ed,  that  from  the  effects  produced  at  the  diftance  of  97,000,000  miles,  we 
may  infer,  that  every  thing  muft  be  fcorched  up  at  its  furface  : — We  reply,  that  there  are 
many  fa£ts  in  natural  philofophy  which  fliew  that  heat  is  produced  by  the  fun’s  rays  only 
when  they  act  on  a calorific  medium  : they  are  the  caufe  of  the  produ&ion  of  heat  by  unit- 
ing with  the  matter  of  fire  which  is  contained  in  the  fubftances  that  are  heated  5 as  the 
collifion  of  the  flint  and  fteel  will  inflame  a magazine  of  gunpowder,  by  putting  all  the 
latent  fire  which  it  contains,  into  a&iori. 

On  the  tops  of  mountains  of  fufficient  height,  at  the  altitude  where  clouds  can  feldom 
reach  to  (helter  them  from  the  direct  rays  of  the  fun,  we  always  find  regions  of  ice  and 
fnow.  Now  if  the  folar  rays  themfelves  conveyed  all  the  heat  we  find  on  this  globe,  it 
ought  to  be  hotteft  where  their  courfe  is  the  lead  interrupted.  Again  *,  our  aeronauts  all 
confirm  the  coldnefs  of  the  upper  regions  of  the  atmofphere  ; and  fince,  therefore,  even 
on  our  earth  the  heat  of  the  fituation  depends  upon  the  readinefs  of  the  medium  to  yield 
to  the  impreffion  of  the  folar  rays,  we  have  only  to  admit,  that  on  the  fun  itfelf,  the  elaftic 
fluids  comnofing  its  atmofphere,  and  the  roatter  on  its  furface  are  of  fuch  a nature  as  not  to 
be  capable  of  any  extenfive  affe&ion  of  its  own  rays  ; and  this  feems  to  be  proved  by  the 
copious ‘emiffion. of  them  ; for  if  the  elaftic  fluids  of  the  atmofphere,  or  of  the  matter  con- 
tained on  the  furface  of  the  fun,  were  of  fuch  a nature  as  to  admit  of  an  eafy  chemical 
combination  with  its  rays,  their  emiffion  would  be  very  much  impeded.  Another  well 
known  fact  is,  that  the  folar  focus  of  the  largeft  lens  thrown  into  the  air,  will  occafion  no 
fenfible  heat  in  the  place  where  it  has  been  kept  for  a confiderable  time,  although  its  pow- 
er of  exciting  combuftion,  when  proper  bodies  are  expofed,  fliould  be  fuffcient  to  fufe  the 
moft  refra£lory  fubftances. 

It  is  by  analogical  reafoning  that  we  confider  the  moon  as  inhabited.  For  it  is  a fecondary 
planet  of  confiderable  fize,  its  furface  is  diverfified,  like  that  of  the  earth,  with  hills  and 
vallies.  Its  fituation  with  refpecft  to  the  fun,  is  much  like  that  of  the  earth  •,  and  by  a ro- 
tation on  its  axis,  it  enjoys  an  agreeable  variety  of  feafons,  and  of  day  and  night.  To  the 
moon,  our  globe  would  appear  a capital  fatellite,  undergoing  the  fame  changes  of  illumina- 
tion as  the  moon  does  to  the  earth.  The  fun,  planets,  and  the  ftarry  conftellations  of  the 
heavens,  will  rife  and  fet  there  as  they  do  here  : and  heavy  bodies  will  fall  on  the  moon  as 
they  do  on  the  earth.  There  feems,  then,  only  to  be  wanting,  in  order  to  complete  the 
analogy,  that  it  fliould  be  inhabited  like  the  earth. 

It  may  be  objedled,  that,  in  the  moon,  there  are  no  large  feas  ; and  its  atmofphere  (the 
exiftence  of  which  is  doubted  by  many)  is  extremely  rare,  and  unfit  for  the  purpofes  of 
animal  life  ; — that  its  climates,  its  feafons,  and  the  length  of  its  days  and  nights,  totally  differ 
from  ours  ; — that  without  denfe  clouds,  which  the  moon  has  not,  there  can  be  no  rain, 
perhaps  no  rivers  and  lakes. 

In  anfwer  to  this,  it  may  be  obferved,  that  the  very  difference  between  the  two  planets 
ilrengthens  the  argument.  We  find  even  on  our  own  globe,  that  there  is  a moft  ftriking 
cjjftimilarity  in  the  fituation  of  the  creatures  that  live  upon  it.  While  man  walks  on  the 
ground,  the  birds  fly  in  the  air,  and  the  fillies  fwim  in  the  water.  We  cannot  furely  obje£t 
to  the  conveniences  afforded  by  the  moon,  if  thofe  that  arc  to  inhabit  its  regions  are  fitted 
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to  their  conditions  as  well  as  we  on  this  globe  of  ours.  The  analogy  already  mentioned 
eftablifhes  a high  probability  that  the  moon  is  inhabited. 

Suppofe,  then,  an  inhabitant  of  the  moon,  who  has  not  properly  confidered  fuch  analogic- 
al reafonings  as  might  induce  him  to  furmife  that  our  earth  is  inhabited,  were  to  give  it  as 
his  opinion,  that  the  ufe  of  that  great  body,  which  he  fees  in  his  neighbourhood,  is  to  car- 
ry about  his  little  globe,  in  order  that  it  may  be  properly  expofed  to  the  light  of  the  fun, 
fo  as  to  enjoy -an  agreeable  and  ufeful  variety  of  illumination,  as  well  as  to  give  it  light  by 
refieftion,  when  diredt  light  cannot  be  had  : — Should  we  not  condemn  his  ignorance  and 
want  of  reflection  ? The  earth,  it  is  true,  performs  thofe  offices  which  have  been  named, 
for  the  inhabitants  of  the  moon,  but  we  know  that  it  alfo  affords  magnificent  dwelling- 
places  to  nunrberlefs  intelligent  beings. 

From  experience,  therefore,  we  affirm,  that  the  performance  of  the  mod  falutary  offices 
to  inferior  planets,  is  not  inconfittent  with  the  dignity  of  fuperior  purpofes  ; and  in  con- 
fequence  of  fuch  analogical  reafonings,  affifled  by  telefcopic  views,  which  plainly  favour 
the  fame  opinion,  we  do  not  hcntate  to  admit  that  the  fun  is  richly  flored  with  inhabitants. 

This  way  of  confidering  the  fun,  is  of  the  utmoft  importance  in  its  confequences.  That 
ffars  are  funs  can  hardly  admit  of  a doubt.  Their  immenfe  diftance  would  effectually  ex- 
clude them  from  our  view,  if  their  light  were  not  of  the  folar  kind.  Befides,  the  analogy 
may  be  traced  much  farther  : the  fun  turns  on  its  axis;  fo  does  the  ffar  Algol;  fo  do  the 
ffars  called  Lyric,  S Cephei,  n Antinoi,  o Ceti,  and  many  more,  molt  probably  all.  Now 
from  what  other  caufe  can  we,  with  fo  much  probability,  account  for  their  periodical 
changes  ? Again  ; our  fun’s  fpots  are  changeable— —fo  are  the  fpots  on  the  ffar  o Ceti.  But 
if  ffars  are  funs,  and  funs  arc  inhabitable,  we  fee  at  once  what  an  extenfive  field  for  ani- 
mation opens  to  our  view. 

It  is  true,  that  analogy  may  induce  us  to  conclude,  that  fince  ffars  appear  to  be  funs,  and 
funs,  according  to  the  common  opinion,  are  bodies  that  ferve  to  enlighten,  warm,  and  fuftain 
a fyffem  of  planets,  we  may  have  an  idea  of  numberlefs  globes  that  ferve  for  the  habitation 
of  living  creatures.  But  if  thefe  funs  themfelves  are  primary  planets,  we  may  fee  fome 
rhoufands  of  them  with  the  naked  eyes,  and  millions  with  the  help  of  telefcopes  ; and,  at  the 
fame  time,  the  fame  analogical  reafoning  ftill  remains  in  full  force  with  regard  to  th#  planets 
which  thefe  funs  may  fupport. 

Moreover,  from  the  observations  of  Dr.Herfchel,  on  the  compreffed  clutters  of  ffars,  it  ap- 
pears, that  in  many  inftances  there  cannot  be  fpace  for  the  revolutions  of  a fyffem  of  planets 
and  comets,  and  therefore  it  is  highly  probable  that  thefe  funs  are  capital  primary  planets 
which  exift  for  themfelves,  and  are  connected  together  in  one  great  fyffem  for  mutual  fupport. 
See  a very  curious  and  valuable  paper  on  the  nature  and  conftrudlion  of  the  fun  and  fixed  ffars, 
by  Dr.  Ilerfchel ; read  to  the  Royal  Society,  Dec.  18,  1794*  From  this  paper,  the  fore- 
going fcho’iium  has  been  taken.  See  alfo  Dr.  Herfchel’s  paper  on  the  periodical  ffar,  * Her- 
culis ; with  remarks,  tending  to  eftablilh  the  rotatory  motion  of  the  ffars  on  their  axes.  Phil. 
Tranf.  1796. 
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Containing  Solar  and  Lunar  Tables,  with  their  Explanation  and 
Ufe , and  the  Projection  of  Eclipses , feleded  from  u Ewing’s 
Practical  Astronomy.” 

EXPLANATION  of  the  TABLES, 


Tables  of  the  Mean  Motions  of  Celefial  Objects. 

THE  idea  that  the  fun,  moon,  and  fears,  performed  all  their  motions  in  circles,  was,  perhaps, 
one  of  the  firft  which  men  received  concerning  thefe  very  diftant  bodies.  The  regular  re- 
turns of  day  and  night,  of  the  feafons  of  the  year,  and  of  almoft  all  things  in  the  vifible  world-,  would 
ferve  to  confirm  it  : and  although  it  is  well  known  that,  the  orbits  of  the  planets  are  not  perfect 
circles,  it  is  equally  known  that  they  differ  very  little  from  circles  ; and  therefore  modern  aftrono- 
mers  retain  the  idea,  and  form  tables  of  the  motions  of  the  planets,  as  if  their  orbits  were  circles, 
and  their  motions  always  uniform,  palling  over  equal  fpaces  in  equal  times  : Such  are  called  Tables 
of  Mean  Motion  ; and  the  longitude  of  a planet  computed  from  fuch  Tables  for  any  given  time  is 
called  its  mean  longitude. 

TabLe  I.  II.  Contain  the  Sun’s  Mean  Motion , and  the  Precejfion  of  the  Equinoctial  Points  in  Julian 

Tears. 

The  agronomical  year  is  that  fpace  of  time  wherein  the  earth  mores  round  the  fun,  or  wherein 
the  fun  Yeems  to  move  round  the  whole  ecliptic  from  any  point,  fuch  as  the  vernal  equinox  to  the 
fame  again ; which,  according  to  the  mod  accurate  obfervations,  confifts  of  365  natural  days,  5 
hours,  48  minu'res,  54-*-  feconds  ? 'but  in  civil  reckoning  there  are  two  kinds  of  years,  common  and 
biffextile.  A common  year  confifts  of  365  days,  and  the  biffextile  of  3 66.  Thefe  are  called  Julian 
years , from  Julius  Cefar,  who  introduced  this  method  of  computation. 


Mr.  Mayer  makes  the  fun’s 

i mean  motion  in  365  days  to  be  11s.  290 

45’  4°"-7- 

Admitting  his 

numbers,  we  have, 

Year. 

s. 

0 

# 

Eor  the  4th  year, 

n 3,  ° 

T 

If’ 

I 

1 1 

29 

45 

40.7  To  the  3d  year  11 

29 

17 

2.1 

2 

1 1 

29 

31 

21.4  Add  mo.  for  x year  11 

29 

45 

4°-7 

3 

1 1 

29 

*7 

2.1  And  for  1 day 

59 

3-3 

4 

0 

0 

1 

51. 1 ^ 

The  4th  year  rr  0 

0 

X 

5 l: 1 

That  is,  in  four  years  the  earth  goes  four  times  round  the  fun,  and  1'  51"  more.  In  the  fame 
manner,  the  fun’s  mean  motion  may  be  found  for  any  number  of  Julian  years,  as  in  the  Table. 
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The  yearly  motion  of  the  earth’s  or  fun’s  apogee  is  found  to  be  1'  6" ; which  being  fubtra&ed. 
from  the  fun’s  yearly  motion  in  longitude,  the  remainder  is  the  fun’s  mean  anomaly  for  1 year  •, 
and  for  any  number  of  years  the  mean  anomaly  is  found  in  the  fame  manner  as  the  mean  longitude. 

It  has  been  found  by  oblcrvation,  that  the  equinoddial  points  move  backward,  or  contrary  to  the 
order  of  the  figns,  at  the  rate  of  50".  3 yearly,  called  the  preceffion  of  the  equinoxes  ; and  multiplying 
50".  3 by  2,  3,  4,  5>  &c.  the  numbers  in  Table  II.  are  found. 

Table  III.  Contains  the  Sun's  Mean  Longitude  and  Anomaly , with  the  Obliquity  of  the  Ecliptic,  for 

years  current  of  the  Chriftian  JEra. 

The  Table  is  compofed  in  this  manner  : The  mean  longitude  and  anomaly  of  the  fun  with  the  ob- 
liquity of  the  ecliptic,  are  found  for  the  noon  of  the  laft  day  of  Dec.  1 760,  which  is  accounted  his  mean 
longitude,  &c.  for  the  fucceeding  year  iy6r.  To  thefe  numbers  add  the  fun’s  mean  motions  for  20 
years,  taken  from  Table  I. ; the  fums  are  the  fun’s  mean  longitude  and  anomaly  for  iy3  r.  To  thefe 
add  the  mean  motions  for  10  years,  and  the  mean  longitude  and  anomaly  for  1791  are  known.  And 
for  the  following  years  add  the  fun’s  mean  motions  in  one  year  to  his  mean  longitude  and  anomaly 
for  the  preceding  year  continually  •,  remembering  to  add  the  motion  of  1 day  more  for  every  biffex- 
tile  year,  until  the  number  of  years  which  the  Table  is  to  contain  be  completed. 

The  annual  differences  of  the  obliquity  of  the  bcliptic  arc  very  fmall,  and  not  always  regular.  It 
appears  by  the  Table  that  the  difference  is  only  about  25"  in  60  years  ; therefore  the  obliquity  of  the 
ecliptic  may  be  flatcd  at  230  28'  during  the  next  50  years  without  fenfible  error. 

When  the  fun’s  mean  longitude  and  anomaly  are  wanted  for  any  year  which  is  not  in  the  Table, 
take  the  mean  motions  for  the  intermediate  years  from  Table  I.  and  if  the  year  is  before  1761,  fubtrafl 
them-,  if  after  it,  add  them  to  the  numbers  for  1761,  and  the  remainder  or  fum  will  be  the  mean 
longitude  and  anomaly  required. 

In  thefe  additions  12  figns  are  to  be  reje£ted  US  often  as  they  occur  j and  in  the  fubtra£lions  12 
figns  muft  be  borrowed  when  neceffary. 

Table  IV.  Contains  the  fun’s  mean  motions  for  the  days  of  the  year,  diflributed  into  12 
kalendar  months.  At  the  noon  of  January  ift  there  is  one  aflronomical  day  paft,  becaufe  it  began  at 
the  noon  of  December  31ft  ; and  therefore  the  fun’s  mean  motions  in  one  day  are  put  down.  Thefe 
being  multiplied  by  2,  3,  4,  5,  See.  (allowance  being  made  for  the  fraddions  in  one  day’s  motion)  the 
products  are  the  numbers  of  the  Table ; remembering  to  place  them  properly,  viz.  the  motions  for 
3 r days  at  the  laft  day  of  January  ; for  32  days  at  the  ift  day  of  February  -,  and  fo  on  until  the  31ft 
of  December. 

Table  V.  Contains  the  fun’s  mean  motions  for  hours,  minutes,  and  feconds,  which  may  be  un- 
derftood  from  what  has  been  faid  of  his  motions  for  days. 

Table  VI.  Equations  of  the  Sun's  Centre. 

The  fun’s  mean  and  true  longitudes  differ  more  or  lefs  in  every  point  of  the  earth’s  orbit  except 
two,  viz.  the  aphelion  and  perihelion ; and  thefe  differences  are  called  equations  of  the  fun's  centre. 
One  caufe  of  the  difference  is,  that  the  earth’s  orbit  is  an  ellipfe,  in  the  periphery  whereof  the  true 
longitude  is  reckoned  from  the  vernal  equinox,  and  the  mean  longitude  is  reckoned  from  the  fame 

point 
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point  in  the  circumference  of  a circle,  whofe  diameter  is  the  greater  axis  of  the  ellipfe.  The  circle 
and  ellipfe  coincide  only  in  the  aphelion  and  perihelion  ; and  therefore  when  the  fun  or  earth  is  in 
either  of  thefe  points,  the  mean  and  true  longitudes  are  the  fame,  and  there  is  no  equation. 

Another  caufe  of  the  difference  between  the  mean  and  true  longitudes  a-ril'es  from  the  unequal  mo- 
tion of  the  earth  in  its  orbit : for  while  the  earth  proceeds  from  its  aphelion  to  its  perihelion,  its  mo- 
tion is  continually  accelerated  ; and  from  its  perihelion  to  its  aphelion,  its  motion  is  continually  re- 
tarded ; and  this  is  true  of  every  planet. 

When  the  fun  appears  in  the  earth’s  aphelion,  his  longitude  is  about  3s.  90,  and  his  anomaly  is  o, 
becaule  it  is  reckoned  from  that  point : and  when  he  appears  in  the  earth’s  perihelion,  his  longitude 
is  nearly  9s.  9°,  and  his  anomaly  is  6 figns.-  In  the  firft  fix  figns  of  anomaly,  the  equation  found 
in  the  Table  is  to-  be  fubtracted  from  the  mean  longitude  ; in  the  other  fix  figns  it  is  to  be  added,  and 
the  remainder  or  fum  is  the  true  longitude. 

Table  VII.  Contains  the  Logarithms  of  the  Earth’s  Di/lances  from  the  Sun. 

Becaufe  the  earth’s  orbit  is  art  ellipfe,  and  the  fun  in  one  of  its  foci,  the  earth’s  diftance  from  the 
fun  varies  every  moment : for  it  is  greateft  in  aphelion,  and  decreafes  as  the  earth  proceeds-  from 
thence  towards  the  perihelion,  where  it  is  lead.  The  fevCral  diftances  decreafe  hr  the  firft  fix  figns 
of  anomaly,  and  increafe  in  the  other  fix.  When  the  anomaly  is  3 or  9 figns,  the  earth  is  at  its 
mean  diftance  from  the  ftln,  exprsfled  by  ioococo.  In  all  other  points  the  diftance  is  either  great- 
er or  Iefs  than  the  mean. 

The  earth’s  diftance  from  the  fun  being  calculated  for  every  degree  of  anomaly,  the  logarithms  of 
thefe  diftances  are  contained  in  the  Table,  and  are  of  ufe  in  computing  the  longitudes  of  the  other 
planets. 

Table  VIII.  The  Sun’s  Declination  io  every  Degree  cf  his  Longitude. 

At  the  time  of  either  equinox  the  fun  is  in  the  equinoctial  circle,  but  at  all  other  times  he  ap- 
pears at  fome  diftance  from  it,  either  north  or  fouth  ; and  this  diftance  is  called  his  declination. 

At  the  vernal  equinox  the  fun  has  no  declination  ; but  from  that  point  his  declination  increafes 
northward,  until  he  comes  to  the  fummer  lolftice,  where  it  is  greateft ; and  from  thence  it  decreafes 
until  the  fun  is  at  the  autumnal  equinox,  when  again  it  is  nothing ; and  then  changes  its  name  front 
north  to  fouth,  and  increafes  fouthward  to  the  winter  folftiee,  when  again  it  is  greateft  ; and  front 
thence  it  decreafes  until  the  fun  appears  in  the  vernal  equinox. 

Thofe  point3  of  the  ecliptic,  which  are  equally  diftant  from  the  equinoxes  or  folftices,  being  alfo 
equally  diftant  from  the  equinoctial  circle,  have  the  fame  declination;  and' therefore  the  declination 
being  calculated  for  every  degree  of  the  firft  quadrant  of  the  ecliptic,  anfwers  for  the  whole  ; for 
the  beginning  of  the  fign  Taurus,  of  Virgo,  of  Scorpio,  and  cf  Pifces,  are  all  at  the  fame  diftance 
from  the  equinoctial  circle,  and  confequently  thefe  points  have  the  fame  declination ; only  in  the 
two  firft  the  declination  is  north,  and  in  the  two  laft  it  is  fouth  : and  the  fame  is  true  of  all  other 
points  of  the  ecliptic  which  are  equally  diftant  from  the  equinoctial  or  folftitial  points. 

Table  IX.  The  Sun’s  Apparent  Semidiameter  and  Hourly  Motion. 

When  the  earth  is  in  its  aphelion,  the  fun’s  diameter  appears  leaft,  and  his  apparent  motion  ITow- 
eft ; his  diameter  at  that  time  is  only  31'  34",.  and  his  hourly  motion  f 23".  While  the  fun 

moves 
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moves  apparently  front  the  aphelion  to  the  perihelion,  his  diameter  and  hourly  motion  increafe  with 
his  anomaly,  and  are  greateft  in  the  perihelion;  his  diameter  being  then  3 2'  3 8/y,  and  his  hourly 
motion  A 337'.  The  difference  between  the  aphelion  and  perihelion  diameter  is  64",  and  between 
the  hourly  motions  io//. 

The  Table  contains  the  fun’s  femidiameter  and  hourly  motion  to  every  1 o°  of  mean  anomaly; 
which,  by  taking  proportional  parts  for  the  intermediate  degrees,  will  ferve  to  find  them  for  any 
given  anomaly.  They  are  frequently  of  life  in  Affronomy,  efpecially  in  calculating  eclipfes. 

Table  X.  Contains  the  equation  of  time  for  every  degree  of  the  fun’s  longitude  ; and  by  ufing 
proportion  for  the  minutes  and  feconds,  the  equation  may  be  found  for  any  given  longitude.  For 
example,  Let  it  be  required  to  find  the  equation  of  time  when  the  fun’s  longitude  is  6s.  io°  50'  30", 
Anf.  — 11  m.  12  s. 


s. 

O 

m. 

s. 

0 s.  1 " 

8, 

6 

1 0 gives 

IO 

57 

As  1 : 18  : : 50  30 

6 

1 1 

1 1 

l5 

Add  - 10 

57 

Diff. 

iS 

True  equation  1 1 

12 

Table  XI.  The  Sun's  Longitude  every  Day  at  Novi. 

The  conveniency  of  having  the  fun’s  longitude  nearly  true  for  the  noon  of  every  day  in  the  year, 
inclined  me  to  infert  this  Table.  The  reafon  why  it  could  not  be  made  accurate  is,  a common  year 
of  365  days  differs  from  the  time  wherein  the  fun  leems  to  move  round  the  whole  ecliptic  byalmoft 
6 hours,  or  a day  in  four  years ; which  caufes  a difference  in  the  fun’s  longitude  at  noon  on  the 
fame  days  of  different  years  ; and  therefore,  to  have  made  the  Table  more  perfedb,  it  muff;  have  been 
calculated  for  four  years,  which  was  not  thought  expedient. 

Tables  of  the  Moon's  Mean  Motions , 

Thefe  Tables  are  made  in  the  fame  manner  as  tliofe  of  the  fun  or  earth,  the  moon’s  period  being 
known  : But  her  motions  are  more  in  number  than  thofe  of  the  earth  ; for  befides  her  mean  longi- 
tude and  anomaly  the  longitude  of  her  node  muff;  be  known,  in  order  to  calculate  her  place  for  any 
given  time. 

The  earth  is  in  one  of  the  foci  of  the  moon’s  orbit,  and  is  the  centre  of  her  motion  ; for  the 
moon  revolves  round  the  earth  in  the  fame  manner  as  the  earth  moves  round  the  fun. 

The  moon’s  period,  or  the  time  wherein  fhe  moves  once  round  the  earth,  is  27  days,  7 hours,  43 
minutes,  5 feconds;  and  to  find  the  moon’s  mean  motion  in  a common  year  of  365  days,  the  pro- 
portion is, 

As  the  moon’s  period  27d.  7I1.  43m.  5s. 

Is  to  her  whole  orbit  or  360°  ; 

So  is  a common  year  of  365  days 

To  13  revolutions,  and  4s.  90  23' 

The  13  revolutions  are  rejected,  and  4s.  90  23'  5"  arc  taken  for  the  moon’s  motion  in  365  days. 


For 
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Far  the  Moon's  Mean  Motion  in  one  Day. 

As  the  moon’s  period  27 d.  yh.  43m.  5s. 

Is  to  the  whole  circle  or  360° ; 

So  is  one  day 

To  the  moon’s  mean  motion  in  1 day  130  10'  35". 

Having  the  moon’s  mean  motion  in  1 year  and  1 day,  the  Table  of  her  mean  longitudes  for  Julian 
years  is  made  by  multiplying  the  motion  for  1 year  by  2,  3,  4,  See.  and  to  the  4th  adding  the  motion 
for  1 day,  the  produ&s  are  the  mean  longitudes  for  thefe  years  : and  by  multiplying  the  motion 

for  1 year  by  the  feveral  numbers  of  years,  and  adding  the  motion  in  1 day  to  every  4th  or  biflextile 

year,  the  Table  may  be  made  to  any  extent. 

To  calculate  the  Moon's  Mean  Anomaly. 

The  moon’s  apogee  moves  once  round  her  wholp  orbit  in  8 years  309  days  8 hours  20  minutes  ; 
or  (adding  2 days  for  leap  years)  in  3231  days  8 hours  20  minutes.  Then, 

As  323  id.  8h.  20m. 

Is  to  the  whole  circle  or  360°; 

So  is  a common  year  of  3 65  days 

To  the  mo.  of  the  i’s  apogee  in  1 year4o°  39'  50/' 

go,# 

From  the  D's  m.  mot.  in  Ion.  during  1 year  4 9 23  5 

Subtract  the  motion  of  her  apogee  in  ditto  — 1 10  39  50 

There  remains  the  J’s  mean  anomaly  in  1 year  2 28  43  15 


To  find  the  Moon's  Mean  Anomaly  for  one  Day. 


Divide  the  motion  of  her  apogee  in  a year,  viz.  40°  39'  5 o"  by 
tire  motion  of  the  moon’s  apogee  for  1 day. 


365,  and  the  quotient  6'  41"  is 
o / n 


From  the  moon’s  motion  in  longitude  for  1 day  13  10  35 

Subtract  the  motion  of  her  apogee  for  ditto  — 641 


There  remains  the  moon’s  mean  anorn.  for  1 day  13  3 54 

Having  found  the  moon’s  mean  anomaly  for  1 year  and  1 day,  the  feveral  mean  anomalies  in  the 
Table  are  found  in  the  fame  manner  as  the  longitudes,  viz.  by  multiplying  the  mean  anomaly  for  I 
year  by  2,  3,  4,  &c.  and  adding  the  motion  for  1 day  to  every  4th  or  biflextile  year. 


To  find  the  Mean  Motion  efi  the  Moon's  Node. 


The  moon’s  node  moves  backward  round  her  whole  orbit  in  18  years  224  days  5 hours  ; therefore, 
for  its  motion  in  one  year, 

As  18  years  224  days  5 hours 
Is  to  the  whole  circle  or  360°, 

So  is  a year  of  365  days 

To  the  motion  of  the  D’s  node  in  1 year  190  19'  43", 

Y v 


For 


I 


\ 

4 
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For  the  motion  of  the  moon’s  node  in  1 dny,  divide  19°  19'  43"  by  365,  and  the  quotient,  which 
is  nearly  3'  1 1",  is  its  motion  for  x day. 

The  motion  of  the  moon’s  node  for  1 year  and  1 day  being  known,  its  motion  for  any  number  of 
years  is  found  in  the  fame  manner  as  thofe  of  mean  longitude  and  anomaly,  viz.  by  multiplying  one 
year’s  motion  by  2,  3,  4,  See.  and  adding  the  motion  of  a day  to  every  fourth  or  biffextile  year. 

Table  II.  Containing  the  Moon's  Mean  Longitude  and  Anomaly  t ivith  the  Longitude  of  her  Node,  for 

current  Tears. 

To  make  the  Table,  find,  either  by  calculation  or  a good  obfervation,  the  moon’s  mean  longitude 
and  anomaly,  with  the  longitude  of  her  node,  on  the  noon  of  the  lalt  day  of  December  preceding 
the  year,  where  the  Table  is  to  begin,  which  here  is  the  year  1760,  and  thefe  are  the  mean  places 
for  1761,  the  firft  in  our  Table.  For  1781,  the  next  year  in  the  Table,  take  the  mean  motions  fox 
ao  years  from  Table  I.  and  add  the  longitude  and  anomaly  to  thofe  for  1761,  but  fubtraft  the  motion 
of  the  node  ; the  refults  are  the  mean  places  for  1781  : then  take  the  mean  motions  for  10  years,  and 
apply  them  in  the  fame  manner  to  the  numbers  for  1 78 1,  and  the  mean  places  for  1 791  will  be  known. 

For  the  following  years  the  Table  is  carried  on  by  the  continual  addition  of  the  mean  longitude 
and  anomaly  for  1 year,  as  alfo  the  motion  for  1 day  more  every  4th  or  biflextile  year,  and  fubtraft- 
ing  the  motion  of  the  node. 

Table  III.  Contains  the  Moon's  Mean  Motions  for  Days. 

It  begins  with  the  mean  motions  for  one  day  already  found.  Thefe  being  multiplied  by  every 
number  of  days  from  1 to  365,  place  the  products  at  the  proper  days  of  the  feveral  months,  and 
the  Table  is  made. 

Table  IV.  Contains  the  Moon's  Mean  Motions  for  Hours , Minutes , and  Seconds. 

The  numbers  are  found  by  dividing  the  mean  motions  for  1 day  by  24,  the  quotients  are  the  mean 
motions  for  an  hour  ; and  thefe  again  divided  by  60,  give  the  mean  motions  for  1 minute,  &c.  The 
motions  for  the  different  numbers  of  hours  and  minutes  are  found  by  multiplication. 

The  moon’s  motions  are  affefted  with  many  inequalities,  and  therefore  many  equations  are  necef- 
fary  to  reduce  her  mean  longitude  to  the  true.  The  method  of  finding  the  arguments,  of  taking  out 
the  equations,  and  applying  them,  is  deferibed  in  Prob.  VII. 

The  Tables  for  finding  the  moon’s  latitude,  parallax,  diameter,  hourly  motion  in  longitude  and 
latitude,  at  any  given  time,  are  fulficiently  plain  from  their  titles;  and  the  method  of  applying  them 
is  deferibed  in  Prob.  VIII— XIII. 

Tables  of  the  Mean  Motion  of  the  Moon  from  the  Sun. 

The  moon’s  mean  motion  in  a common  year  of  365  days  is  4s.  90  23'  5",  over  and  above  13  revo- 
lutions ; and  the  fun’s  apparent  mean  motion  in  the  fame  time  is  x is.  29°  45'  40". 

S.  0 ' " 

From  - 4 9 23  5 

Subtract  - 1 1 29  45  40 

The  remainder  4 9 37  25  is  the  moon’s  mean  motion  from  the  fun  in  a common  year. 

In 
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In  the  fame  manner,  the  moon’s  mean  motion  from  the  fun  may  be  found  for  a day,  an  hour,  or 
for  any  number  or  parts  of  thefe. 

Having  the  moon’s  mean  motion  from  the  fun  in  a year  and  a day,  it  may  be  found  for  any  num- 
ber of  years  by  multiplication  ; remembering  to  add  the  motion  for  one  day  to  every  four  years  mo- 
tion for  leap  year. 

To  make  a Table  of  the  moon’s  mean  motion  from  the  fun  for  current  years  of  the  Chriftian  era, 
fubtracf  the  fun’s  mean  longitude  from  the  moon’s  for  every  year  which  the  Table  is  to  contain  ; and 
the  remainders  will  be  the  numbers  expreffing  the  moon’s  mean  motion  from  the  fun  ; as  in  th« 

Table.  > 

The  Table  for  months  is  made  by  fubtra£ling  the  fun’s  mean  longitude  from  the  moon’s  on  the 
laft  day  of  the  preceding  month ; and  the  remainder  is  the  moon’s  mean  motion  from  the  fun  on  the 
firft  dav  of  the  following  month.  The  Tables  for  days,  hours,  minutes,  and  feconds,  are  made  in 
the  fame  manner  ; and  the  method  of  ufmg  thefe  Tables  is  deferibed  in  Prob.  XIV. 

Table  of  Mean  New  Moons  in  March , with  the  Mean  Anomalies  of  the  Sim  and  Moon ; and  the  Sun's 

Mean  Di/lance  from  the  Moon's  Node. 

To  make  Table  I.  Calculate  the  time  of  mean  new  moon  in  March,  for  die  year  with  which  the 
Table  is  to  begin,  by  the  rule,  Prob.  XIV.  or  by  any  other  method  : Calculate  alfo  the  fun  and  moon’s 
mean  anomalies  for  that  time,  and  the  fun’s  mean  diflance  from  the  moon’s  node,  from  the  Tables 
of  mean  motion,  and  write  them  down  in  order. 

For  the  following  years.  If  the  new  moon  falls  after  the  i ith  dav  of  March,  add  12  lunations  to 
the  time  for  the  former  year ; and  if  the  next  is  a common  year,  fubtrafl  365  days  from  the  fum  ; 
the  remainder  is  the  time  of  mean  new  moon  in  March  the  next  year  ; but  if  the  next  be  a leap  year, 
fubtradl  366  days.  If  the  mean  new  moon  falls  before  the  nth  of  March,  add  13  mean  lunations, 
and  fubtradt  365  or  366  days  from  the  fum,  according  as  the  next  is  a common  or  biflextile  year. 

Calculate  alfo  the  fun  and  moon’s  mean  anomalies,  with  the  fun’s  mean  diflance  from  the  moon’s 
node,  for  12  or  13  lunations,  and  add  them  to  thofe  of  the  former  year;  and  the  numbers  for  the 
fecond  year  in  the  table  will  be  known.  Proceed  in  the  fame  manner  for  every  fucceeding  year  until 
the  Table  is  completed. 

Table  II.  Contains  l 3y  Mean  Lunations , with  the  Anomalies , and  the  Sun's  Mean  Diflance  from  the 

Moon's  Node. 

The  numbers  are  computed  from  the  Tables  of  mean  motion  thus : Take  the  mean  anomalies  of 
the  fun  and  moon  out  of  the  Tables  for  29  days  12  hours  44m.  3 s.;  take  alfo  the  mean  motion  of 
the  fun,  and  of  the  moon’s  node,  out  of  their  proper  Tables  for  the  fame  time  ; their  fum  is  the  fun’s 
mean  diftance  from  the  moon’s  node.  Having  found  the  numbers  for  one  lunation,  multiply  them 
by  2,  3,  4,  &c.  until  there  arc  13  produ£ls,  and  divide  the  numbers  for  one  lunation  by  2 for  the 
half  lunation. 

By  thefe  Tables  the  times  of  mean  fyzygics  for  any  month  of  a given  year,  within  the  limits  of 
Table  I.  may  be  found. 

The  Tables  of  equations  for  reducing  the  mean  to  the  true  times  of  new  and  full  moons,  in  the 
following  pages,  depend  on  the  mean  anomalies  of  the  fun  and  moon,  with  the  fun’s  mean  diflance 
from  the  moon’s  node,  and  are  exprefled  in  time  for  the  conveniency  of  calculation.  The  method 
of  applying  them  is  given  in  Problem  XVI. 

V Y Y 2 
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Confru  Elion  and  ‘Ufe  of  Logifical  Logarithms. 

Logiftical  Logarithms  are  artificial  numbers  deduced  from  common  logarithms,  and  made 
for  minutes  and  feconds  either  of  degrees  or  time,  ufed  in  working  proportions,  wherein  fome  or  all 
of  the  given  terms  are  fexagefimals. 

The  numbers  which  compofe  the  Table  of  logiftical  logarithms  are  regulated  by  its  extent.  For 
if  the  Table  contains  no  more  than  the  minutes  and  feconds  in  i°,  or  3600",  the  logiftical  loga- 
rithm of  is  the  logarithm  of  36oo//,  viz.  3-5563  ; and  all  the  following  numbers  are  the  differ- 
ences between  3-5563  and  the  logarithms  of  the  feveral  numbers  of  feconds  from  1 to  36oo//.  There- 
fore to  calculate  the  logiftical  logarithm  of  any  quantity  lefs  than  1°,  fubtradb  the  logarithm  of  the 
given  number  of  feconds  from  3-5563  ; the  remainder  is  the  logiftical  logarithm  required. 

Exam.  Let  it  be  required  to  find  the  logiftical  logarithm  of  io',  or  6oo//. 

From  the  common  log.  of  3600  = 3.5563 
Subtract  the  common  log.  of  600  2.7781 

There  remains  the  logiftical  log.  of  10  = 0.7782 

But  if  the  Table  is  to  contain  more  than  i°,  fuch  as  in  Dr.  Malkelyne’s  Proportional  Logarithms, 
which  extends  to  30,  or  io&oo''' ; then,  in  fuch  a Table,  the  proportional  or  logiftical  logarithm 
of  is  the  logarithm  of  10800,  viz.  4.0334;  and  all  the  reft  are  the  differences  between  4.0334 
and  the  logarithms  of  the  feveral  numbers  of  feconds  from  1 to  10800". 

Exam.  Let  it  be  required  to  find  the  logiftical  or  proportional  log.  of  10'  or  600". 

From  the  log.  of  - 10800  = 4.0334 

Subtra£k  the  log.  of  - 600  = 2.7781 

Remains  the  prop.  log.  of  - io'  1.2553 

Hence  there  may  be  as  many  different  fyftems  of  logiftical  or  proportional  logarithms  as  any  one 
choofes  to  aflume  different  extents  of  the  Table.  Our  Table  extends  only  from  \"  to  i°,  which  is - 
fufiicient  for  common  ufe.  Logiftical  logarithms  confift  of  four  figures  befides  the  index. 

The  numbers  on  the  head  of  the  Table  are  either  degrees  or  minutes  ; and  thofe  in  the  left  hand 
column,  on  the  fide,  are  minutes  or  feconds  ; but  if  the  numbers  on  the  head  be  hours  or  minutes, 
thofe  in  the  left  hand  column,  on  the  fide,  will  be  minutes  or  feconds  of  time.  Therefore  thefe  num- 
bers change  their  denomination  as  occafion  requires.  The  fecond  line  on  the  head  of  the  Table  are 
the  numbers  of  feconds  in  the  minutes  which  (land  over  them. 

To  take  the  logiftical  logarithm  of  any  number  of  minutes  and  feconds  out  of  the  Table,  the 
given  number  muft  be  within  the  limits  of  the  Table. 

Find  the  minutes  on  the  head  of  the  Table,  and  the  feconds  in  the  left  hand  column  on  the  fide, 
and  under  the  minutes  and  oppofite  to  the  feconds  ftands  the  logiftical  logarithm  required. 


Examples. 

/ n 


Given  numbers  0 

40 

Logift.  log.  1.9542 

1 

10 

1.7  1 12 

7 

40 

8935 

9 

1S 

8120 

5° 

0 

792 

5° 

37 

739 

A logiftical 
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A logiftical  logarithm  being  given,  to  find  the  number  of  minutes  and  feconds  anfwering. 

If  the  given  logarithm  be  found  in  the  Table,  the  minutes  are  on  the  head  of  the  column  and 
the  feconds  on  the  fide ; but  if  be  not  found  exa£lly  in  the  Table,  take  the  next  greater  than  it, 
and  the  minutes  and  feconds  anfwering  are  found  on  the  head  and  fide  of  the  Table,  as  before. 

Examples. 


..  Log. 

Values. 

m.  s. 

.7112 

I IO 

98i3  ■ 

6 15 

6746 

12  41 

5i75 

18  13 

When  the  logiftical  logarithm  of  any  number  lefs  than  3600  is  required,  find  it,  or  the  neareft  lefs, 
In  the  fecond  line  on  the  head  of  the  Table  ; and  below  the  number  on  the  head,  and  oppofite  to 
its  excefs  on  the  fide,  ftands  the  logiftical  logarithm.  Thus  the  logiftical  logarithm  of  127 6 is  4505. 

Logiftical  logarithms  are  ufed  in  finding  a fourth  proportional,  when  fome,  or  all  of  the  given 
terms,  are  minutes  and  feconds  either  of  motion  or  time  : and  the  method  of  operation  is  the  fame 
as  in  working  with  common  logarithms,  that  is,  by  adding  the  logarithms  of  the  fecond  and  third 
terms,  arid  fubtracling  the  logarithm  of  the  firft  term  from  the  fum,  the  remainder  is  the  logarithm 
of  the  fourth  term,  or  anfwer. 

Exam.  x.  Suppofe  the  fun’s  hourly  motion  was  2 ' 2*1",  and  it  were  required  to  find  his  motion 
in  47m.  10s.  The  anfwer  is  i'  55". 

As  60  m.  6 

To  2'  2']"  13890 

So  47m.  1 os.  1045 

To  1'  55"  14935 

2.  Suppofe  the  hourly  motion  of  the  moon  from  the  fun  is  32'  8",  and  the  moon  is  58'  i2/;  behind 
--the  fun  : In  what  time  will  the  moon  overtake  the  fun  ? Anf.  1 h.  48  m.  40s. 

N.  B.  In  fuch  queftions,  when  the  fourth  proportional  would  exceed  60  m.  which  is  beyond  the 
limit  of  the  Table,  take  y,  j,  or  y,  of  the  third  term,  and  multiply  the  fourth  term,  when  found^ 


hy  2,  3>  or  4. 

As  32'  8" 

2712 

To  60  m. 

0 

So  29'  6" 

3 r43 

To  54m.  2CS. 

2 

43 1 

• , ( 

. . • V » : i .« 

Doubled  is 

1I1.  48  m.  40  s.  the  anfwer. 

• ? •'  : '•  V 

In  like  manner,  when  two  of  the  given  terms  exceed  the  limits  of  the 

: Table,  divide  all  the  terms 

by  fome  number,  fuch  as  2,  3, 

or  4,  and  multiply  the  anfwer  by  the  fame  number  which  divided  the 

given  terms. 

Half  of  each  term. 

Suppofe  we  have, 

As  7 6'  34" 

38'  17" 

r95 1 

Is  to  24I1. 

1 2 h. 

6990 

So  is  64'  20" 

32'  io// 

2707 

4. 

4»  v 

To  2o h.  10  m.  nearly 

1 oh.  5m. 

9697 

'*  i .4  A. 

Doubled 

20  h.  10  m. 

7746 

PROBLEMS, 
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PROBLEMS,  shewing  the  USE  and  APPLICATION  of  the 
TABLES,  and  PROJECTION  of  ECLIPSES. 


PROB.  I.  The  Longitudes  cf  two  Places , and  the  Time  at  one  of  them  being  given , to  find  the  cor* 

refponding  Time  at  the  other. 

REDUCE  the  difference  of  the  longitudes  to  time,  by  allowing  at  the  rate  of  15®  to  an  hour,  and 
add  it  to  the  given  time  for  a place  towards  the  call  j but  fubtradl  it  for  a place  toward  the  weft. 

Exam.  i.  Suppofe  the  time  at  Greenwich  to  be  6I1.  f 8"  P.  M.  required  the  correfponding 
time  at  Cambridge,  in  longitude  71®  6'  45"  weft. 

fi.  ' " 

Time  at  Greenwich  6 7 8 P.  M. 

Diff.  long.  710  6'  45"  Z-  — 4 44  27 

Time  at  Cambridge  1 22  41  P.  M. 


Exam.  2. 
Greenwich. 


The  time  at  Cambridge  being  7 h*  43'  57"  A.  M.  required  the  correfponding  time  at 

h.  ' " 

Time  at  Cambridge  7 43  57  A.  M. 

Piff.  long.  71°  6'  45"  = -f  4 44  27 


Time  at  Greenwich  28  24  P.  M. 

Exam.  3.  The  time  at  Hamburgh,  in  longitude  ro°  38'  E.  being  6h.  30'  4o/7  A.  M.  required 
the  correfponding  time  at  Cambridge,  in  longitude  71°  6'  45"  W. 

h.  ' " 

Time  at  Hamburgh  6 30  40  A.  M. 

Diff.  long.  71°  if  ■=.  — 5 16  59 


Time  at  Cambridge  1 3 41  A.  M. 


PROB.  II.  To  calculate  the  true  Longitude  of  the  Sun  far  any  given  Tune  and  Place  by  the  Tables . 

When  the  given  time  is  apparent,  reduce  it  to  mean  time,  and  if  the  given  place  be  not  in  the  me- 
ridian of  the  Tables,  that  is,  Greenwich,  reduce  it  to  that  meridian  by  Prob.  I.  and  then  write  down 
the  years,  months,  days,  hours,  See.  under  one  another  in  a column  on  the  left  hand. 

Take  out  of  the  Tables  the  fun’s  mean  longitude  and  anomaly,  anfwering  to  each  part  of  the  time, 
and  write  them  down  on  tfye  right  hand  of  the  former  numbers ; then  add  them  as  they  ftand  in  their 
feveral  columns,  reje£l,ing  12  figns,  or  any.  multiple  thereof,  and  the  fum  will  be  the  mean  longitude 
of  the  fun  for  the  given  time. 

To  reduce  the  mean  longitude  to  the  true  : Enter  the  Table  with  the  fun’s  mean  anomaly,  and  take 
out  the  equation  of  the  centre,  making  proportion  for  the  odd  minutes,  See.  and  if  the  lign  of  the 

fun’s 
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fun’s  mean  anomaly  be  at  the  head  of  the  Table,  fubtract  the  equation  from  the  mean  longitude; 
but  if  it  be  at  the  foot  of  the  Table,  add  it  to  the  mean  longitude,  and  the  true  longitude  of  the  fun 

•will  be  had. 


Exam.  i.  Required  the  fun’s  longitude  i 

1796,  Feb.  19.  ill 

i.  21m.  30s.  in  the 

time,  in  the  meridian  of  Edinburgh. 

D. 

h.  m.  s. 

Given  time  February 

mm  i im 

18 

23  21  30 

Edinburgh  meridian  W. 

+ 

12  25 

Equation  of  time 

• am 

+ 

14  14 

Mean  time  at  Greenwich 

18 

23  48  9 

» 

M,  Long. 

M.  Anom, 

S.  0 ' * 

S.  0 ' n 

17  96 

9 10  51  52 

6 1 23  42 

Teb.  18.  biflex. 

I 17  18  40 

1 17  18  31 

23  h.  - * 

56  40 

56  40 

48m. 

I 58 

1 58 

9s. 

IO  29  9 IO 

7 19  40  51 

Equation  of  the  centre 

-f-  I 28  30 

% 

Sun’s  true  longitude 

II  0 37  40 

2.  Required  the  fun’s  longitude  1795,  June  22,  at  noon,  apparent  time,  at  Greenwich-, 

h.  m.  s. 

Mean  time  - » - 000 

Equation  of  time  * - -f  1 28 


1 795 
June  22. 
oh.  im. 
28" 


Equation  of  the  centre 
Sun’s  true  longitude 


M.  Long, 
s o , >f 

9 10  7 2 

5 20  31  I 
2 
I 

3 o 38  6 

+ *7  23 

3 0 55  W 


o 1 28 

M.  Anorti. 

S.  0 ' 

6 o 39  58 
5 20  30  30 
2 
1 

11  21  10  31 


PROB.  III.  The  Mean  Anomaly  of  the  Sun  being  given}  to  find  the  Logarithm  of  his  Diflance  from  the 

Earth. 

With  the  mean  anomaly  of  the  fun  take  out  the  logarithm  of  his  diflance  from  the  earth  from  the 
Table. 


Exam. 
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Exam.  Let  the  fun’s  mean  anomaly  be' 7s.  19°  40'  51",  what  is  the  logarithm  of  his  diftance 


from  the  earth  ? 

For 

?s.  190 

the  log.  is 

. 

4.995224 

For 

40'  5 1" 

the  part  is 

- 

+ ^9 

Anfwer 

«* 

T995293 

PROB.  IV.  To  find  the  Apparent  Semi  diameter  , and  alfo  the  Hourly  Motion  of  the  Sun  for  any  given  Time. 

Calculate  the  fun’s  mean  anomaly  for  the  given  time,  and  with  the  mean  anomaly  of  the  fun  take 
out  his  femidiameter  and  hourly  motion  from  the  Table. 

Exam.  Required  the  fun’s  apparent  femidiameter  and  hourly  motion  17 96,  February  19th,  nh. 
2im.  in  the  forenoon. 

The  fun’s  mean  anomaly  at  that  time  is  7s.  190  42',  which  gives  his  femidiameter  1 6'  13"  and 
his  hourly  motion  2 ' 3 i//. 

PROB.  V.  The  Longitude  of  the  Sun , or  any  Point  of  the  Ecliptic , being  given , to  fnd  the  correfpondmg 

Declination. 

With  the  given  longitude  take  the  declination  out  of  the  Table, 


Exam.  Let  the  fun’s  longitude  be  11s.  o°  37'  40",  what  is  his  declination?  Anf  1 x°  13' 
fouth. 


To  longitude 

ns.  c°  the  declination  is 

ii°  29'  5"  S.  decreafing  ; the  difference  between  this  and 

;he  next  is  21' 

1 2"  : Then, 

O t // 

L-  L. 

As  - 

100 

0 

0 / // 

To 

021  12 

45 1 8 From 

11  29  5 

So  is 

0 

XO 
— I 

0 

2022  Subtract 

— 13  18 

To 

0 

>-* 

CO 

CO 

6540  Declinat. 

11  15  47  S. 

PROB.  VI.  The  Time  of  the  Tear  and  the  Sun’s  Declination  being  given , to  find  his  Longitude ; or  the 
Declination  of  a Star , or  of  any  Point  of  the  Ecliptic , being  given,  to  find  its  Longitude, 

•.  » . 

With  the  given  declination  take  the  longitude  out  of  the  fame  Table  as  in  the  preceding  problem ; 
Thus,  take  the  declination  in  the  Table  neareft  lefs  than  that  given,  and  write  down  the  correfpond- 
ing longitude  •,  marking  whether  the  declination  be  increafing  or  decreafmg  : then  fubtradt  the  de- 
clination found  in  the  Table  from  the  next  greater,  the  remainder  is  the  difference  of  declination  for 
i°  of  longitude.  Subtract  alfo  the  declination  found  in  the  Table  from  that  given  ; and  then,  as  the 
difference  of  declination  for  i°  of  longitude  is  to  i°,  fo  is  the  difference  between  the  given  declination 
and  that  found  in  the  Table  to  a part,  to  be  applied  to  the  longitude  already  found ; the  refult  is  the 
true  longitude. 

Exam.  February  19,  1 796,  the  fun’s  declination  is  ii°  15'  47"  S.  what  is  his  longitude  ? Anf. 

ns.  o°  37'  39". 

tft,  To 


USE  AND  APPLICATION  OF  THE  TABLES,  &c.  369 

ift,  To  declin.  n°  i 53 " S.  the  long,  is  ns.  i°,  the  declination  decreafing. 


2d,  From  the  given  declin. 

a 

O 

l I 

1 •> 
*5  47 

Subtract  the  nextlefs  in  the  Table 

- 1 I 

7 53 

Difference 

at 

O 

7.  54 

3d,  Alfo  from  the  next  greater 

I I 

29  5 

Subtradl  the  next  lefs  in  the  Table 

- II 

7 53 

Diff.  declin.  for  i°  long. 

- 0 

21  12 

O 

/ n 

L.L. 

4th,  As 

O 

21  12 

4518 

To  - • - 

I 

0 0 

O 

So  is 

0 

7 54 

8805 

To 

O 

22  21 

4287 

To  be  fubtr acted. 

From  the  longitude  found 

s.  0 

1 1 I 

/ '• 
O O 

Subtract  the  prop,  part 

— 

22  2 1 

There  remains  the  true  longitude 

11  0 

37  39 

PB.OB.  VII.  To  calculate  the  true  Longitude  of  the  Moon  for  any  given  Time  hy  the  Tables , 

Calculate  the  true  longitude  of  the  fun  and  his  mean  anomaly  for  the  given  time  by  Prob.  II. 

From  the  Tables  of  the  moon’s  mean  motion,  take  out  the  mean  longitude,  anomaly,  and  afcending 
node,  for  the  given  year  ; under  which  write  down  the  mean  motions  for  the  month,  day,  hours,  &c. 

Add  the  numbers  in  the  columns  of  the  mean  longitude  and  anomaly,  rejecting  12  figns  or  any 
multiples  thereof  when  they  occur  ; but  from  the  longitude  of  the  node  for  the  given  year  fubtraft 
the  fum  of  all  the  numbers  below  it,  borrowing  12  figns  when  neceffary  ; and  thus  the  nioon’s  mean 
longitude,  mean  anomaly,  and  the  mean  longitude  of  her  node,  will  be  obtained. 

For  the  Arguments  of  the  Equations. 

The  fun’s  mean  anomaly  is  the  firft  argument.  Subtract  the  true  longitude  of  the  fun  from  the 
mean  longitude  of  the  moon,  the  remainder  is  the  mean  diltance  of  the  moon  from  the  fun,  of  which 
take  the  double. 

To  and  from  the  double  diftance  of  the  moon  from  the  fun  add  and  fubtra£l  the  firfl  argument, 
the  fum  and  remainder  are  the  fecond  and  third  arguments. 

Add  and  fubtracl  the  moon’s  mean  anomaly  to  and  from  the  double  diftance  of  the  moon  from 
the  fun  for  the  fourth  and  fifth  arguments. 

To  and  from  the  fifth  argument  add  and  fubtra£l  the  firft  argument,  and  the  fixth  and  feventh 
arguments  are  found. 

Subtract  the  firft  argument  from  the  moon’s  mean  anomaly,  the  remainder  is  the  eighth  argument. 

Subtract  the  moon’s  mean  anomaly  from  the  moon’s  mean  diftance  from  the  fun,  the  remainder  is 
the  ninth  argument.  / 

Subtract  the  true  longitude  of  the  fun  from  the  mean  longitude  of  the  moon’s  node,  and  the  re- 
mainder is  the  tenth  argument. 

With  thefe  arguments  take  the  feveral  equations  out  of  the  Tables,  and  find  their  fum. 

Z z 


With 
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With  the  mean  anomaly  of  the  fun  take  out  of  the  Tables  the  equations  of  the  node  and 
of  the  moon’s  mean  anomaly.  Apply  the  equation  to  the  longitude  of  the  node,  and  its  equated 
longitude  will  be  known.  Correct  the  mean  anomaly  of  the  moon  by  its  own  equation,  and  alfo  by 
the  fum  of  the  ten  former  equations,  and  the  corredt  anomaly  of  the  moon  will  be  had  5 which  is 
the  eleventh  argument,  with  which  take  out  of  the  Table  the  equation  of  the  centre.  Corredt  the 
mean  longitude  of  the  moon  both  by  the  fum  of  the  ten  former  equations  and  by  the  equation  of 
the  centre,  and  the  equated  longitude  of  the  moon  will  be  known. 

Subtradt  the  fun’s  true  longitude  from  the  equated  longitude  of  the  moon,  the  remainder  is  the 
twelfth  argument,  with  which  take  the  variation  out  of  the  Table,  and  apply  it  to  the  equated 
longitude  of  the  moon. 

Subtradl  the  corredt  longitude  of  the  node.from  the  longitude  of  the  moon  twelve  times  corredted, 
and  from  double  of  the  remainder  fubtradt  the  moon’s  corredt  anomaly,  the  remainder  is  the  13th 
argument ; with  which  take  the  thirteenth  equation  from  the  Table  and  apply  it  to  the  moon’s  lon- 
gitude laft  found,  which  will  give  the  moon’s  longitude  in  her  orbit. 

From  the  moon’s  longitude  in  her  orbit  fubtradt  the  corredt  longitude  of  the  node,  the  remainder  is 
the  fourteenth  argument  ; with  which  take  out  of  the  Table  the  redudtion  of  the  moon’s  place 
in  her  orbit  to  the  ecliptic.  And,  laftly,  with  the  mean  longitude  of  the  moon’s  node  take  the  equation 
of  the  equinoxes  from  the  Table  ; and  apply  both  the  redudtion  and  the  equation  of  the  equinoxes 
to  the  moon’s  longitude  in  her  orbit,  according  to  their  figns,  and  the  true  ecliptic  longitude  of  the 
moon  will  be  found. 

Exam.  It  is  required  to  find  the  moon’s  longicude  1795,  June  22,  at  noon,  apparent  time,  in  the 
meridian  of  Greenwich. 

The  equation  of  time  is  — xm.  28s.  therefore  the  mean  time  is  oh.  1 m.  28s. 

Sun’s  longitude  3s.  o°  55'  2^".  Mean  anomaly,  1 1 s.  210  io'  31" 

J’s 


V95 
June  22. 

oh.  im. 
28s. 


Sum  of  10  eqs. 


Equat.  centre 

D’s  equat.  long. 
Variation 


13th 

D’s  orbit  long. 
Redudlion 


Equinoxes 
V’s  eclip.  long. 


Long. 

m.  Anom. 

& 

Equations. 

S.  0 ' " 

S.  0 ' " 

S.  0 ' " 

+ 

— 

1 5 37  57 

6 13  36  29 

4 9 57  43 

f // 

/ // 

3 29  31  0 

3 i°  i4  35 



I 

I 42 

33 

33 

— 9 9 40 

2 

0 48 

J5 

J5 

3 

0 52 

— 

4 0 48  3 

4 

0 50 

5 5 9 45 

9 23  5i  52 

— 1 24 

5 

20  3 6 

19  0 

-3  18 

— 

6 

0 14 

— 

. 

4 ® 46  39 

7 

0 19 

5 5 28  45 

9 23  48  34 

8 

0 36 

+ 5 35  20 

4-19  0 

9 

1 14 

1 0 

0 r 1 

5 11  4 5 

9 24  7 34: 

= Arg.  nth. 

w j 1 



+ 20  48 

1 

+ 23  31 

—4  31 

*+  J 1 

5 11  24  53 

! 

I 

+ 4^ 

j 

1 

+ 19  0 

5 11  25  39 
—6  43 


5 11  18  56 

— l5 


5 u 18  41  . 


Arguments 
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Arguments  found. 


s. 

O 

/ If 

5 - 

5 

5 

9 45 

© 

3 

0 

55  29 

j from  0 

2 

4 

14  16 

Doubled 

4 

8 

28  32 

O Auom.  =±= 

1 1 

21 

10  31 

O- 

II 

» 

t 

3 

29 

39  3 

3<1  = 

4 

17 

18  1 

4 

8 

28  32 

J Anom.  :±=  - 

9 

23 

51  52 

4th  =:  - 

2 

2 

20  24 

^th  =3 

6 

14  36  40 

1 1 

21 

io  31 

Arguments  found. 

s. 

O 

/ 

If 

6th 

- 6 

5 

47 

1 1 

7th  = 

- 6 

23 

2 6 

9 

9 

23 

51 

52 

— 1 1 

21 

10 

3i 

CO 

5- 

11 

1 

- 10 

2 

41 

21 

2 

4 

14 

16 

—9 

23 

51 

52 

9th  — 

- 4 

10 

22 

24 

S3  - • 

4 

0 

48 

3 

O - 

’ 3 

0 

55 

29 

10th  =3 

0 

29 

52 

34 

j)’s  eq.  long. 

5 

x 1 

4 

5 

Arguments  found. 


s. 

O 

> n 

—3 

0 

55 

29 

1 2th  3= 

2 

10 

8 36 

D ’s  long,  equat. 

5 

1 1 

4 

5 

S3 

—4 

0 

46 

39 

1 

10 

27 

26 

Doubled 

2 

20 

34 

52 

I ’s  Anom.  — 

9 

24 

7 

34 

13th  = 

4 

26 

27 

18 

D in  orbit 

5 

1 1 

25 

39 

S3 

—4 

0 

46 

39 

1 4th  =: 

1 

IO 

39 

0 

PROB.  VIII.  The  Moon's  Longitude , Anomaly , and  Node , being  given , ft?  her  Latitude  by  the  Tables. 

Subtra£l  the  corrected  longitude  of  the  moon’s  node  from  the  moon’s  longitude  in  her  orbit, 
the  remainder  is  the  firft  argument  of  latitude. 

From  the  moon’s  longitude  in  her  orbit  fubtraft  the  fun’s  longitude  ; and  from  double  of  the  re- 
mainder fubtracl  the  firft  argument  of  latitude,  the  remainder  is  the  fecond  argument. 

Subtract  the  moon’s  mean  anomaly  from  the  firft  argument  of  latitude,  and  the  remainder  is  the 
third  argument. 

From  the  third  argument  fubtraft  the  moon’s  mean  anomaly  for  the  fourth  argument ; alfo  fuh- 
tra&  the  moon’s  mean  anomaly  from  the  fourth  argument,  and  the  remainder  is  the  fifth  argument. 

With  thefe  arguments  take  out  the  numbers  with  their  proper  figns  from  the  Tables,  and 
take  the  fum  of  thofe  which  are  affirmative,  and  alfo  the  fum  of  the  negative  ; the  difference  of 
thefe  fums,  with  the  fign  of  the  greater,  will  be  the  latitude  of  the  moon  ; and  will  be  north  if  mark- 
ed with  the  fign  -f-,  but  fouth  if  marked  with  the  fign  — . 


Exam,  it  is  required  to  find  the  moon’s  latitude  when  her  longitude  in  her  orbit  is  5s.  n°  25' 
mean  anomaly  9s.  230  51' 

Arguments  found. 


tr 


S. 

0 

! H 

I ’s  orbit  Ion. 

5 

1 1 

25  39 

SI 

— 4 

0 

36  39 

Arg.  1 ft  rr 

1 

IO 

0 

C\ 

T> 

5 

1 1 

25  39 

0 

— 3 

0 

55  29 

2 

IO 

30  IO 

Doubled 

4 

21 

0 20 

1 ft 

— 1 

IO 

49  0 

Arguments  found. 

Equations. 

g o / // 

+ 

. 

2d  = - 3 10  1 1 20 

0 / // 

u 

1 

3 21  43 

I ft  - - I 10  49  0 

2 

0 8 40 

T’s  Anom.  — 9 23  51  52 

3 

1 6 

4 

2 

3d  = - 3 16  57  3 

5 

1 6 

9 23  51  52 

3 3°  23 

34 

4th  = - 5 23  5 16 

— 34 

— 9 23  51  52 

b 3 29  49 

[49 

5th  - ,7  29  13  24 

Anf.  The  moon  s 

lat.  is  3 

Z T.  2 
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PRQB.  IX.  The  Moon's  Longitude , with  the  Arguments  for  finding  it,  being  known,  to  find  the  Moon's 
Equatorial  Parallax  or  the  Horizontal  Parallax  of  the  Moon  for  any  Place  on  the  Equator. 

With  the  5th,  ixth,  and  12th  arguments  of  longitude,  take  as  many  numbers  from  the  Tables, 
with  their  proper  figns  ; and  from  the  fum  of  the  affirmative  numbers  fubtraft  the  fum 
of  the  negative,  the  remainder  is  the  moon's  equatorial  parallax,  or  the  horizontal  parallax  of  the 
moon  to  a place  on  the  equator. 


Exam.  Let  the  moon’s  longitude  be 
her  equatorial  parallax.  Atfi  5 6'  5". 


5 th  Arg. 
i ith 
1 2th 


5s.  ii°  1 8' 41",  and  the  arguments  as  below  j required 


S.  0 ' " 
6 14  36  40 

9 24  7 34 

2 10  8 36 


1 


+ 

> n 

o 36 
55  49 


+ 56  25 
— 20 


n 


20 


Moon’s  equatorial  parallax  56  5 


PROB.  X.  The  Equatorial  Parallax  of  the  Moon  being  given  and  the  Latitude  of  a Place , to  find 
the  Horizontal  Parallax  of  the  Mton  at  that  Place ; and  to  reduce  the  Apparent  Latitude  of  the  Place 
to  the  Centre  of  the  Earth,  ftppofing  the  Earth  is  an  Oblate  Spheroid. 


Enter  the  Table,  with  the  given  apparent  latitude  of  the  place  on  the  fide,  and  the  equa- 
torial parallax  at  the  top,  and  making  proportion,  if  necefiary,  find  the  redu&ion  of  parallax  ; which 
fubtradted  from  the  equatorial  parallax,  leaves  the  horizontal  parallax  required. 

With  the  apparent  latitude  of  the  place  take  the  reduftion  of  latitude  out  of  the  fame  Table  ; which 
being  fubtra&ed  from  the  apparent  latitude,  leaves  the  latitude  reduced. 

N.  B.  The  horizontal  parallax  and  latitude  thus  found  are  what  fhould  be  employed  in  computing 
the  moon’s  parallaxes  in  longitude,  latitude,  and  declination  ; which  will  now  be  performed  by  the 
jommon  rules,  founded  on  the  fuppofition  of  the  earth’s  being  a fphere. 


Exam.  Let  the  equatorial  parallax  be  56'  5",  and  the  apparent  latitude  of  the  place  5 1°  28'  40" ; the 
moon’s  horizontal  parallax  and  the  reduced  latitude  of  the  place  are  required. 

/ //  o / // 


Equatorial  parallax  5 6 5 

Reduction  - - — 9 

Horizontal  parallax  55  56 


Latitude  - 51  28  40 

Redudlion  - — 14  42 


Reduced  lat.  51  13  58 


PROB.  XI.  The  Equatorial  Parallax  being  given,  to  find  the  Moon's  Horizontal  Diameter. 
Enter  the  Table,  with  the  moon’s  equatorial  parallax,  and  take  out  her  horizontal  diameter. 
Exam.  The  moon’s  equatorial  parallax  being  56'  5",  the  diameter  is  30'  34". 


PROB. 
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PROB.  XII.  To  find  the  Moon's  Hourly  Motion  in  Longitude ; her  Longitude  in  her  Orbit,  with  the 

Arguments  for  finding  it,  being  known. 

ar 

With  the  5 tli,  nth,  and  12th  arguments  of  longitude,  take  out  the  numbers  from  the  Tables,  the 
fum  of  thefe,  regard  being  had  to  their  figns,  is  the  moon’s  hourly  motion  in  longitude. 

Exam.  Let  the  moon’s  longitude  be  5s.  1 1°  25'  39",  and  the  arguments  as  below  ; required  her 
hourly  motion  in  longitude. 


t r 


5th  Arg. 
I ith 
1 2th 


s.  0 
6 14  36  40 

9 24  7 34 
2 10  8 36 


Anfwer 


+ 

/ // 
' o 41 
31  20 


+ 32  1 
— 3 1 

31  3° 


31 


PROB.  XIII.  To  find  the  Mean's  Hourly  Motion  in  Latitude , the  Arguments  for  finding  her  Latitude 

being  known. 

With  the  firfl  and  fecond  arguments  of  latitude,  take  two  numbers  out  of  the  Tables,  their  fum  if 
they  have  the  fame  fign,  or  their  difference  if  they  have  contrary  figns,  is  the  moon’s  hourly  motion  in 
latitude  ; which  tends  to  the  north  if  it  has  the  fign  -f*>  but  to  the  fouth  if  it  has  the  fign  — . 

Exam.  It  is  required  to  find  the  moon’s  hourly  motion  in  latitude,  the  arguments  of  latitude 
being, 

c o / //  / // 

S. 

id  Arg.  - 1 10  39  o +2  15 

2d  - - 3 10  21  21  — 1 


Anfwer  - +2  14  tending  north. 

* 

PROB.  XIV.  To  find  the  Time  of  the  Mean  Syzygies  in  any  given  Tear  and  Month . 

From  the  Tables  of  the  mean  motion  of  the  moon  from  the  fun  take  out  the  motions  for  the  given 
year  and  month;  add  them,  and  fubtraCff  the  fum  from  12  figns:  then,  if  the  time  of  mean  con- 
junction or  new  moon  be  fought,  the  remainder,  or  the  neareft  lefs  than  it,  being  found  in  the  Table 
of  days,  will  give  the  day  of  mean  new  moon  ; and  after  fubtra&ing  the  number  found  in  the  Table, 
the  remainder  or  the  next  lefs  is  to  be  found  in  the  Table  of  hours,  which  will  give  the  hour  of  the 
day  when  it  is  mean  new  moon  ; and  after  another  fubtra&ion,  the  remainder  is  to  be  found  in  the 
Table  of  minutes  for  the  minute  of  mean  new  moon,  and  the  next  remainder  will  give  the  feconds. 
But  if  the  time  of  mean  oppofition  or  full  moon  be  fought,  add  6 figns  to  the  firff;  remainder,  and  the 
fum  being  found  in  the  Table  of  days,  will  give  the  day  of  mean  full  moon  : the  hours  and  minutes 
are  to  be  found  as  before. 


Exam. 


APPENDIX  TO  THE  ASTRONOMY. 


374 


Exam.  i.  Required  the  time  of  mean  new  moon  in  January  1797.  Anf.  Jan.  27<J.  7h.  40m.  21s. 


s.  0 

/ 

/> 

1797 

- — 0 26 

57 

10 

12  0 

0 

0 

Remains 

11  3 

2 

5° 

27  days 

- — 10  29 

9 

0 

3 

53 

5° 

7 hours 

— 3 

33 

20 

20 

3Q 

40  minutes 

m m r 

20 

19 

21  feconds 

*0  m m 

10 

In  this  operation  the  Tables  give  the  moon’s  mean  diftance  from  the  fun  on  the  ift  day  of  Janua- 
ry os.  26°  57'  10",  which  is  fubtra&ed  from  12  figns  to  find  how  much  the  moon  wants  of  a con- 
jun£tion  with  the  fun  : the  remainder  fhows  that  the  wants  1 is.  30  2'  50".  In  the  Table  of  days 
it  is  found  that  (he  moves  over  10s.  290  9'  in  27  days  j therefore  the  mean  new  moon  happens  cn 
the  27th  day  of  January. 

Subtra£l  10s.  290  9'  from  1 is.  30  2'  $o",  there  remains  30  53'  50",  which  in  the  Table  of  hours 
gives  7 hours  ; and  fubtra£ling  30  33'  20",  there  remains  20 • 30",  which  gives  40  minutes  ; and 
by  fubtra&ing  again  there  remains  10"  SS'"»  and  this  gives  21  feconds. 


2.  It  is  required  to  find  the  time  of  mean  full  moon  in  January  1797.  Anf.  Jan.  t2d.  13ft. 
18m.  18s. 

s.  0 ' " 

1 797  — o 26  57  10 

12  o o o 


11  3 2 50 

Add  6 o © o 


5 3 2 5° 

12  days  — 4 26  17  20 


, ^ 45  30 

13  hours  — 6 36  i2 


9 18 

1 8 minutes  — 9 8 35'" 

18  feconds  9 25 

By  this  problem  the  times  of  mean  new  and  full  moon  may  be  calculated  for  every  month  in 
the  year,  or  any  longer  time,  with  very  little  trouble  ; for  having  found  the  time  of  mean  conjunc- 
tion and  oppofition  in  the  month  of  January,  add  to  thefe  times  a mean  lunation,  viz.  29d,  i2h. 
44m.  3 s.  continually,  rejecting  the  days  in  the  month  wherein  the  mean  new  or  full  moon  is  re- 
quired, and  the  times  will  be  known. 
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Exam.  Let  it  be  required  to  find  the  mean  new  and  fjall  moons  in  every  month  of  the  year  1797. 


Mean  full 

moon 

. 

Mean  new 

moon. 

D. 

h. 

m. 

s. 

D. 

h. 

m. 

s. 

January 

12 

13 

18 

x 8 

January 

27 

7 

40 

21 

One  lunation  + 

29 

12 

44 

3 

One  lunation  -f- 

29 

12 

44 

3 

February 

1 1 

2 

2 

21 

February 

25 

20 

24 

24 

March 

12 

H 

46 

24 

March 

27 

9 

8 

27 

April 

1 1 

3 

3° 

27 

April 

25 

21 

52 

3° 

May 

1© 

16 

14 

3° 

May 

25 

IO 

36 

33 

June 

9 

4 

58 

33 

June 

23 

23 

20 

36 

July 

8 

17 

42 

36 

July 

23 

12 

4 

39 

Auguft 

7 

6 

26 

39 

Auguft 

22 

O 

48 

42 

September 

5 

UJ 

10 

42 

September 

20 

*3 

32 

45 

October 

5 

7 

54 

45 

OCtober 

20 

2 

1 6 

48 

November 

3 

20 

38 

48 

November 

18 

!5 

0 

51 

December 

3 

9 

22 

51 

December  - 

18 

3 

44 

54 

Note.  The  mean  and  true  fyzygies  never  happen  at  the  fame  time,  except  when  the  moon  is  in 
■or  verv  near  her  apogee  or  perigee  ; for  in  thefe  points  many  of  her  inequalities  either  vanifh  or  are 
very  fmall  : when  the  moon  is  in  any  other  point  of  her  orbit,  there  is  fome  interval  of  time  between 
the  mean  and  true  conjunctions  or  oppofitions.  The  greateft  is  about  14  hours. 


PROB.  XV.  The  Time  of  Mean  Tot  junction  or  New  Moon  being  given , to  find  the  true  Time . 

Calculate  the  longitudes  of  both  fun  and  moon  for  the  time  of  mean  conjunction  ; (Prob.  II. — - 
VII.)  and  if  they  are  equal  to  one  another,  the  mean  and  true  conjunctions  happen  at  the  fame 
time  -,  but  if  they  differ,  lubtraCt  the  leaft  from  the  greateft.  Find  the  hourly  motions  of  both  fun 
and  moon  at  the  time,  (Prob.  IV — XII.)  and  lubtraCt  the  fun’s  hourly  motion  from  the  moon’s, 
the  remainder  is  the  hourly  motion  of  the  moon  from  the  fun  •,  and  then, 

As  the  moon’s  hourly  motion  from  the  fun 
Is  to  one  hour  or  60  minutes  ; 

So  is  the  difference  between  the  fun  and  moon’s  long. 

To  the  time  between  the  mean  and  true  conjunction. 

If  the  moon's  longitude  be  lefs  than  the  fun’s,  the  interval  is  to  be  added  to  the  time  of  mean 
conjunction  ; but  if  it  be  greater,  fubtraCt  the  interval  : the  fum  or  remainder  is  the  time  of  true 
conjunction. 

When  it  is  required  to  find  the  time  of  true  conjunction  very  accurately,  the  fun  and  moon’s 
longitude  mud  be  calculated  again  for  the  time  found  •,  and  their  difference,  if  there  be  any,  turned 
into  time,  and  applied  to  the  time  laft  found,  will  give  the  true  time  of  conjunction. 

If  tliS  difference  be  great,  it  will  be  negeflary  to  renew  the  operation  again. 
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Exam.  It  is  required  to  find  the  time  of  true  conjun&ion  in  January  1797  ; the  time  of  mean 
conjunftion  or  new  moon  being  January  27th,  7I1.  40m.  21s.  in  the  meridian  of  Greenwich. 
Anf.  Jan.  27 d.  13I1.  40m. 

The  fun’s  longitude  then  is  xos.  8°  28'  38",  and  his  mean  anomaly  6s.  28°  3'  51". 


For  the  Moon's  Longitude. 
m.  Long.  J Apogee.  | Q 


S.  0 ' " 
1797  - to  7 34  43 

Jan.  27th  - 1 1 25  45  46 

7h-  “ 3 5®  35 

40  m.  - 21  57 

21s.  - n 

S.  0 ' ".1 

0 24  6 53 

11  22  45  17 
3 48  3S 
21  46 
1 1 

S.  0 ' - " 

3 1 15  6 

— 1 25  47 

56 

5 

10  7 33  12 

0 21  2 45 

2 29  48  18 

3 0 equations  +25  18 

— 10  25 

— 4 25 

10  7 58  30 

Equat.  of  centre  — 297 

0 20  52  20 
+25  18 

2 29  43  53 

10  5 49  23 

Variation  - — 3 15 

10  c 4 6 8 

13th  - — r 5 

D’s  orb.  long.  10  5 45  3 

O’s  long.  - 10  8 28  38 

Short  of  conj.  2 43  35 

0 21  17  38 

= 1 1 th  arg. 

Moon’s  hourly  motion 
Sun’s  ditto. 


Arguments. 

Equations. 

S.  0 ' " 

+ 

— 

1 

6 28  3 51 

t 1’ 

r r 

2 

5 26  12  59 

1 

S >5 

3 

5 0 5 17 

2 

0 4 

4 

0 19  11  53 

3 

0 38 

5 

11  77  6 

4 

0 19 

6 

6 5 10  14 

5 

3°  53 

7 

4 8 2 32 

6 

0 11 

8 

5 22  58  54 

7 

0 37 

9 

11  8 1 49 

8 

0 5 

10 

4 21  19  40 

9 

0 31 

— 

— 

10 

0 59 

12 

11  27  20  45 

13 

1 20  46  52 

+ 32  25 

7 7 

-77 

Sum  + 25  18 

t // 

- 29  47 
2 33 


Hourly  motion  D from  O - - 27  14 

«*• 

As  27 ' 14'' 

To  ih. 

So  2°  43'  35" 

To  6h.  orn.  24  s. 

D.  h.  m.  s. 

Mean  conjunction  January  - 27  7 40  21 

Interval  add  - - + 6 o 24 

Anf.  New  Moon  January  - 27  13  40  45 

The  time  of  true  oppofition  or  full  moon  is  found  in  the  fame  manner  as  the  time  of  conjunc- 
tion. The  operation  is  to  be  continued  until  the  difference  of  the  fun  and  moon’s  longitude  be 
6 figns. 

The  rules  here  given  for  calculating  the  times  of  new  and  full  moon  are  always  good  ; but  the  tc- 
tlioufnefs  of  the  operation  has  given  occafion  to  the  invention  of  other  Tables,  whereby  the  problem' 
may  be  folved  with  lefs  trouble.  The  bell  of  thefe  were  publilhed  among  Dr.  Halley’s  Aftronomical 
Tables  in  the  year  1749,  but  not  as  his  invention.  The  ingeniousMr.  James  Fergufon  having  adapted 
them  to  the  Gregorian  ftyle,  and  made  fome  alterations  in  the  arrangement,  printed  them  in  his  Af- 
• tronomy 
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tronomy  about  the  year  1760.  Such  of  them  as  were  judged  proper  for  this  work  are  to  be  found 
in  the  Tables  of  mean  new  moons,  &c.  extended  to  the  year  1821. 

Thefe  Tables  contain  the  times  of  mean  conjunction  or  new  moon  in  March  for  every  year,  which 
is  made  the  firft:  month  with  the  mean  anomalies  of  the  fun  and  moon,  and  alfo  the  fun’s  mean  dif- 
tance  from  the  moon’s  node  at  the  time,  with  equations  for  reducing  the  mean  to  the  true  time  of 
conjunction  or  oppofition,  whereby  thefe  times  may  be  found  for  any  month  of  a given  year  with- 
in the  limits  of  the  Table. 

PROS.  XVI.  To  calculate  the  Time  of  New  or  Full  Moon  for  any  Month  of  a given  Tear  by  the  Tables. 

1 ft,  For  the  Month  of  March. 

Write  down  the  time  of  mean  new  moon  in  March  for  the  given  year,  with  the  mean  anomalies  of 
the  fun  and  moon,  and  alfo  the  fun’s  mean  diftance  from  the  moon’s  afeending  node,  out  of  the  Table. 
When  the  time  of  Full  Moon  in  March  is  required. 

If  the  new  moon  happens  before  the  15th  of  the  month,  add  half  a lunation,  with  the  anomalies, 
&c.  to  the  former  numbers  for  new  moon,  the  fum  is  the  time  of  full  moon  ; but  if  it  happens  after 
the  15th,  fubtracl  half  a lunation  with  the  anomalies  from  the  numbers  for  new  moon,  and  the  time 
of  mean  full  moon  in  March  will  be  known. 

2d,  For  any  Month  after  March. 

When  the  time  of  the  mean  new  or  full  moon  is  required  in  any  month  after  March,  take  out  the 
numbers  for  March  as  before,  and  under  them  write  down  as  many  lunations  with  their  anomalies  as 
the  given  month  is  after  March  ; and  by  the  fum  of  thefe,  the  time  of  mean  new  or  full  moon  may 
be  known,  together  with  the  mean  anomalies  and  the  fun’s  diftance  from  the  moon’s  node  ; which 
are  the  arguments  for  finding  the  feveral  equations,  to  reduce  the  time  of  the  mean  fyzygies  to  the  true. 

With  the  fum  of  the  days  enter  the  Table  of  days,  under  the  given  month  *,  and  oppofite  to  that 
number  in  the  left  hand  column  is  the  day  of  the  mean  fyzygies  ; but  if  the  fum  be  lefs  than  any  of 
tliofe  under  the  given  month,  add  a lunation  with  the  anomalies  to  the  former  numbers,  and  then 
enter  the  Table  with  the  fum  under  the  given  month,  and  in  the  left  hand  column  is  the  day  of  the 
month  required. 

The 'time  of  mean  fyzygy  being  known,  to  find  the  true  by  the  Tables. 

1.  With  the  fun’s  mean  anomaly  enter  the  Table,  and  take  out  the  firft  equation,  (making  propor- 
tion for  the  odd  minutes,  &c.)  and  apply  it  to  the  time  of  the  mean  fyzygv,  according  to  its  fign. 

2.  With  the  fun’s  mean  anomaly  take  the  equation  of  the  moon’s  mean  anomaly  out  of  the  Table, 
and  apply  it  according  to  its  fign,  and  the  moon’s  equated  anomaly  will  be  known. 

3.  With  the  moon’s  equated  anomaly  take  the  fecond  equation  out  of  the  Table,  which  being  appli- 
ed to  the  former  time,  according  to  its  fign,  the  refult  will  be  the  time  of  the  fyzygy  very  nearly. 

4.  Subtract  the  moon’s  equated  anomaly  from  the  fun’s  mean  anomaly,  and  with  the  remainder 
take  the  third  equation  out  of  the  Table,  and  apply  it  to  the  former  equated  time  according  to  its  fign. 

Laftly,  with  the  fun’s  mean  diftance  from  the  moon’s  node  take  the  fourth  equation  out  of  the  Ta- 
ble, and  apply  it  to  the  laft  found  equated  time,  according  to  its  fign,  and  the  refult  is  the  time  of 
tire  true  fyzygv. 
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Exam.  i.  Required  the  time  of  full  moon  in  January,  1 79 7. 


G’s  anorn. 

D 

’s  anom. 

q’s 

lift. from  g. 

D. 

h. 

m. 

s. 

S. 

0 

/ 

// 

S. 

O 

/ 

/' 

s. 

0 

/ 

It 

1796,  March 

8 

i r 

39 

44 

8 

8 

3 

47 

3 

7 

2 

14 

8 

0 

2 6 

47 

l lunation 

+ M 

18 

22 

2 

0 

14 

33 

10 

6 

12 

54 

3° 

0 

J5 

20 

7 

Full  in  March 

23 

6 

1 

46 

8 

22 

36 

57 

9 

J9 

56 

44 

8 

15 

46 

54 

Add  xo  lunations 

295 

7 

20 

3° 

9 

2 X 

3 

14 

8 

18 

10 

4 

10 

6 

42 

20 

1797,  January  - 

12 

<3 

22 

16 

6 

1.3 

40 

1 1 

6 

8 

6 

48 

6 

22 

29 

14 

iff  equation 

+ 

1 

0 

3° 

—6 

8 

29 

38 

4- 

22 

5° 

arg 

4th  equat, 

2d  equation 

12 

14 

22 

46 

0 

S 

10 

33 

6 

8 

29 

38 

1 

20 

45 

arg. 

3<i 

equat. 

arg. 

2d. 

equat. 

12 

*3 

2 

1 

3d  equation 

26 

4th  equation 

+ r 

6 

Anf.  January  r 

12 

13 

2 

41 

2.  It  is  required  to  find  the  time  of  conjun&ion,  or  new  moon,  in  the  month  of  Auguft,  182*. 


O’s  Anomaly. 

])’s  Anomaly. 

O’s  dift.from  } ’sg. 

Id.  h_  m.  s. 
1820,  March-  - 14  x 42  45 
5thluna.  r 147  T5  40  15 

S.  0 ' " 

8 12  25  31 
4 25  31  37 

S.  0 7 77 

6 24  37  23 

4 9 5 2 

S.  0 7 77 

11  l9  35  34 
5 3 21  10 

Auguft  - 8 17  23  0 

1 ft  equat.  r-  — 2 31  47 

1 7 57  8 

—11  2 44.51 

11  3 42  25 

— 57  34 

4 22  56  44 
arg.  4th  equat. 

8 14  51  13 
2d  equat.  «.  — 4 47  7 

8 10  4 6 

3d  equat.  - — 4 27 

4th  - - — 1 29 

Anf.  Aug.  - 8 9 58  iq 

2 5 12  17 
arg,  3d  equat. 

11  2 44  5 1 

arg.  2d  equat. 

Note  i.  Thefe  examples  arc  wrought  for  the  meridian  of  Greenwich;  but  the  anfwers  may  be 
reduced  to  the  time  under  any  other  meridian  by  adding  or  fubtratting  the  difference  of  longitude  in 
time  to  or  from  them,  according  as  the  place  is  fituated  to  the  eaft  or  weft  of  Greenwich. 

2.  Thefe  tables  give  the  times  of  new  and  full  moon  with  little  trouble,  and  fufficiently  true  for 
common  ufe ; being  rarely  above  1 or  2 minutes  wide  of  the  truth  : but  when  it  is  required  to  find 
the  moment  of  conjunction  or  oppofition  accurately,  calculate  the  longitudes  of  the  fun  and  moon 
for  the  time  found  by  the  tables  ; and  if  they  are  the  fame,  or  differ  6 figns,  according  as  the  new 
or  full  moon  is  required,  the  time  is  truly  found ; but  if  not,  take  their  difference.  Find  the  hourly 
motion  bf  the  moon  from  the  fun ; and  then. 

As  the  hourly  motion  of  the  moon  from  the  fun 
Is  to  60  minutes ; 

So  is  the  difference  between  the  fun  and  moon’s  long. 

To  a number  of  minutes,  See. 

which,  applied  to  the  time  formerly  found,  will  give  the  true  time. 


3.  The 
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5.  The  precife  moment  of  conjunction  or  oppofition  is  feldom  neceffary  except  in  calculating 
eclipfes. 

4.  In  the  preceding  examples  the  time  of  orbit  conjunction  or  oppofition  is  taken  for  the  anfwer ; 
that  is,  the  time  when  the  moon’s  longitude  in  her  orbit  is  the  fame  with  the  fun’s  longitude  in  the 
ecliptic,  is  taken  for  the  time  of  conjunction  ; and  the  time  when  the  moon’s  orbit  longitude  differs 
6 figns  from  the  fun’s  longitude,  is  taken  for  the  time  of  oppofition. 

The  anfvvers  are  in  mean  time;  and  if  the  equation  of  time  be  applied  to  them  with  a contrary 
fign  to  that  in  the  Table,  the  apparent  time  will  be  knowm. 

To  calculate  more  accurately  the  time  of  new  moon  in  Auguft  1S20  : The  anfwer  by  our  Tables 
is  Auguft  8di  9I1.  58m.  10s.  The  fun’s  longitude  at  this  time  is  4s.  16°  p'  44''',  and  his  mean 
anomaly  1 s.  70  23'  13". 


The  calculation  of  the  moon’s  longitude  for  the  fame  time  follows. 


D’s  m.  Long. 

D ’s  anom. 

D’s 

S3. 

S. 

O 

/ 

// 

3. 

O 

/ 

// 

s. 

0 

? 

a 

1820  - 

3 

19 

18 

47 

1 1 

0 

X 

6 

0 

6 

25 

42 

Auguft  8th 

0 

18 

48 

26 

1 1 

24 

17 

5 1 

ph. 

- 

4 

56 

28 

4 

53 

58 

— 

1 1 

39 

0 

38m. 

- 

3l 

5° 

3 1 

34 

1 

12 

ic  s. 

• 

5 

5 

- 7 

10  equations 

4 

*3 

35 

36 

1 0 

29 

44 

34 

I X 

24 

45 

23 

— 

2 5 

26 

+ 

12 

54 

+ 

5 

28 

Equat.  centre 

4 

*3 

10 

10 

10 

29 

57 

28 

n 

24 

5° 

51 

+ 

3 

1 

4 

— 

25 

2 6 

Variation 

4 

16 

1 1 

14 

10 

29 

32 

2 

- 

+ 

ji 

arg. 

nth 

L. 

1 3th  equation 

4 

16 

1 1 

x5 

1 

1 

3>’s  orb.  long. 

4 

16 

10 

14 

Sun’s  long. 

4 

16 

9 

44 

Arguments. 

Equations. 

+ 

— 

S. 

O 

/ 

n 

/ 

/ 

it 

1 

1 

7 

23 

*3 

6 

37 

2 

X 

2 

14 

57 

0 

29 

3 

10 

‘7 

28 

3X 

0 

5 1 

4.10 

24 

36 

18 

0 

3<> 

5 

0 

25 

7 

10 

33 

43 

6 

2 

2 

3° 

23 

1 

49 

7 

1 1 

x7 

43 

57 

0 

10 

8 

9 

22 

21 

21 

0 

39 

9 

0 

2 

40 

29 

0 

3 

10 

7 

8 

35 

39 

0 

57 

- 35 

40 

1 2 

0 

0 

1 

3°  !+ 

10 

M 

-j-  10 

J4 

x3 

10 

*3 

8 

46 

— 25  26 


Difference 


3° 


' i> 

Moon’s  hourly  motion  - 28  54 

Sun’s  ditto.  - 2 24 

Hourly  motion  D from  O 26  30 

L.L. 

As  26'  30"  3549 

To  60  m.  o 

So  is  30"  20792 

To  im.  7s.  17243 


Former  time  Auguft 
Interval  fubtraCt 

True  time  of  new  moon 


D.  h.  m.  s. 

8 9 58  10 
— 1 7 

8 9 57  3 
A a a 2 


which  is  nearly  the  fame  with  the  former. 
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PROB.  XV  II.  To  find  out  the  Number  of  Eclipfes  there  are  in  any  given  Tear,  and  in  what  Alonthr 

and  Days  they  happen . 

From  the  Table  of  the  moon’s  mean  motion  take  out  the  mean  longitude  of  the  moon’s  nodes 
for  the  given  year ; and  then  by  the  Table  of  the  fun’s  longitude  for  every  day  of  the  year,  find 
when  the  fun’s  longitude  will  be  nearly  the  fame  with  that  of  the  nodes,  for  at  thefe  times  the 
eclipfes  mull  happen.  The  months  when  the  fun  is  in  or  near  the  places  of  the  nodes  may  be 
called  the  node-months.  In  this  inquiry  it  may  be  proper  to  remember  that  the  moon’s  nodes  move 
backward  about  i°  38'  every  month. 

To  fnd  the  Days  when  Eclipfes  happen. 

Calculate  the  times  of  the  mean  fyzygies  in  the  node-months  out  of  the  Tables,  and  alfo  the 
fun’s  diltance  from  the  moon’s  node ; and  if  the  fun’s  didance  from  the  node  at  the  time  of  new 
moon  be  lefs  than  18  degrees,  an  eclipfe  of  the  fun  may  be  expended  5 and  if  the  fun’s  didance 
from  the  node  at  the  time  of  full  moon  be  lefs  than  12  degrees,  there  may  be  an  eclipfe  of  the 
moon.  We  fay  there  may  be,  becaufe  we  fpeak  only  of  mean  motions  here. 

I 

Exam.  It  is  required  to  find  the  number  of  eclipfes  in  the  year  1796;  and  cm  what  days  they 
happen. 

The  mean  longitude  of  the  moon’s  north  node,  on  the  1 ft  of  January  179 6,  is  3 s.  20°  35',  and 
of  the  fouth  node  9 s.  20°  35b  The  fun  enters  the  fign  Cancer  about  the  20th  of  June,  and  the  fign 
Capricorn  about  the  2 2d  of  December  ; therefore  the  node-months  are  January,  July,  and  December. 


I.  Calculate  the  time  of  mean  new  moon  in  January. 


New  moon. 


O’s  did.  from  p’s  S3. 


D.  h.  m.  s. 
1795,  March  20  2 51  8 

10  lunats.  + 295  7 20  30 


s.  0 ' " 

7 22  24  o 
10  6 42  20 


New  p 1796  Jan.  9 10  11  38 


5 29  6 20  fun  eclipfed. 


The  fun’s  mean  didance  from  the  moon’s  north  node  being  5 s.  290  6'  20",  his  didance  froftl  the 
i’outh  node  is  only  53'  40" ; and  therefore  the  fun  will  be  eclipfed  to  fome  place  of  the  earth. 


2.  For  the  time  of  mean  new  moon  in  July. 


New  moon. 


D.  h.  ' " 
1796,  March  8 11  39  44 
4 lunations  +118  2 56  12 


New  5 July  4 35  5 6 


O’s  did.  from  P’s  S3. 


s. 


O A 


8 o 26  47 
' 4 2 40  56 

o 3 7 43  fun  eclipfed. 


3.  For 
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3.  For  the  time  of  mean  full  moon  in  December. 


38l 


New  moon. 


D.  h.  m.  s. 
1796,  March  8 n 39  44 

4 lunation  -f  14  18  2Z  2 


Full  I)  in  March  23  6 1 46 

9 lunations  +265  18  36  27 

Full  D Dec.  14  o 38  13  1 


Sun’s  dift.  from  S3. 


S.  ° " 

8 o 26  47 
+ 15  20  7 

8 15  46  54 
+ 9 6 2 6 


5 21  49  o moon  eclipfed. 

The  fun’s  diftance  from  the  moon’s  north  node  being  5s.  210  49',  the  moon’s  diftance  from  her 
foutli  node  is  only  8&  1 1',  and  therefore  (lie  is  ecljpfed. 

4.  For  the  time  of  mean  new  moon  in  December. 

Add  4-  lunation  to  the  numbers  for  full  moon. 


New  moon. 


Full  D Dec. 
A lunation- 

New  5 Dec. 


D.  h.  m.  s. 
14  o 38  13 
-f-  14  18  22  2 

28  19  O 15 


Sun’s  did.  from  SI • 


5 21  49  o 
+ 15  20  7 

6797  fun  eclipfed. 


We  have  found  that  there  are  four  eclipfes  in  the  year  1796,-  viz.  three  of  the  fun  and  one  of  the 
moon.  The  times  of  the  mean  conjunctions  aiuLoppofttions  are  : 

D.  h.  m.  s. 


f Jan.  9 10  11  3S 

July  4 14  35  S6 

(,Dec.  28  19  o 15 


Sun  is  eclipfed  >*•  - 

And  the  moon  is  eclipfed  - — 1 4 03813 

PROB.  XVIII.  To  calculate  an  Eclipfe  of  the  Moon. 


1.  Calculate  the  true  time  of  oppofition  by  Prob.  XVI.  and  compute  the  longitude  o-f  the  fun,  and 
♦he  orbit  longitude  of  the  moon,  for  that  time  : if  thele  differ  6 figns,  the  time  of  oppofition  is  truly 
found  •,  but  if  their  difference  be  lefs  or  greater  than  6 figns,  mark  the  defeat  or  excefs,  and  find  the 
moon’s  hourly  motion  from  the  fun  ; then,  as  the  hourly  motion  of  the  moon  from  the  fun  is  to  one 
Four,  fo  is  the  defedt  or  exccfs  to  the  interval ; which  being  applied  to  the  time  formerly  found, 

■ogives  the  true  time  of  oppofition.  This  operation  mull  be  repeated  until  the  longitude  of  the  fun  and 
the  orbit  longitude  of  the  moon  differ  precifely  6 figns. 

2.  Calculate  the  moon’s  latitude,  horizontal  parallax,  and- hourly  motion,  by  the  Tables  ; take  alfo  the 
fun  and  moon’s  femidiameters  out  of  the  Tables. 

3.  Add  the  fun’s  horizontal  parallax  (which  is  9 feconds)  to  the  moon's  for  the  .time,  and  from  the 

fum  fubtradl  the  fun’s  femidiameter ; the  remainder  is  the  femidiameter  of  the  earth’s  fliadow ; to 
which  add  the  moon’s  femidiameter,  and  the  fum  is  the  femidiameter  of  the  moon  and  earth’s  fhadow  ; 
from  which  fubtradl  the  moon’s  latitude,  and  the  remainder  is  called  the  parts  deficient.  If  thefc  be 
lefs  than  the  moon’s  diameter,  the  eclipfe  will  be  partial  ; if  they  be  equal  to  the  moon’s  diameter, 
the  eclipfe  will  be  total  without  continuance  j and  if  they  be  greater  than  the  moon’s  diameter,  the 
eclipfe  will  be  total  with  continuance.  Exam. 
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Exam.  i.  It  is  required  to  calculate  the  eclipfe  of  the  moon,  which  will  happen  in  December,  1797. 


x.  Calculate  the  time  of  opposition. 


Sun’s  Anom. 

Moon’s  Anom. 

O’s  did.  from 

D.  h.  m.  s. 

1797,  new  ])  March  27  9 12  24 

\ lunation  - - — 14  18  22  2 

s.  0 ' " 

8 26  2 c 59 
— 14  33  10 

s.  0 ' " 

2 12  39  19 
— 6 12  54  30 

s.  0 ' " 

9 9 9 48 
“ 15  20  7 

Full  moon  March  - 12  14  50  22 

9 lunations  - -h  265  18  36  27 

8 11  c 2 49 
8 21  56  54 

7 29  44  49 
7 22  21  4 

8 23  49  41 
962  6 

Full  moon  December  3 9 2d  49 

1 equation  - - — 1 52  47 

5 3 49  43 

— 3 21  23  13 

3 22  5 53 

— 42  40 

5 29  51  47 
arg.  4th  equat. 

Moon  eclipfed. 

3 7 34  2 

2 equation  - - + 8 53  8 

■ 

1 1 2 26  30 
arg.  3d  equat. 

3 21  23  13 
arg.  2d  equat. 

3 1 6 27  10  j 

3 equation  - - *■  — 3 1 1 I 

4 ditto  - - - — 1 


Full  moon  December  3 id  23  58 


2, 


Calculate  the  fun  and  moon's  longitude  for  the  time  of  full  moon. 


For  the  Sun’s  Longitude 

Sun’s  Long.  Sun’s  Anom. 


S. 


1797  - “ 9 10  37  33 

December  3d  11  2947 

i6h.  - - 39  25 

23  m.  - - 57 

58s-  - - 2 

_ . 8 *3  27  44 

Equation  - — 5 1 45 

Su'n’s  longitude  8 12  35  59 


6 1 8 17 

lx  2 8 46 

39  25 
57 

2 

5 3 51  27 


For  the  Moon’s  Longitude. 


Moon’s  m.  Long.  1 Moon’s  anom. 

Moon’s  Q,. 

S.  0 ' " 

1797  - 10  7 34  43 

Dec.  3d  - 4 0 2d  45 

16I1.  - 8 47  3 

23m.  - - 12  37 

58s.  - 32 

S 0 / " 

O 24  d 
2 22  54  4 

8 42  3d 
12  31 

3 2 

go/  n 

3 1 15  d 

— J7  5°  45 
—2  7 

—3 

2 17  1 40 

10  equations  + 1 25  1 

3 25  56  36 
+ 9 44 

2 13  22  11 
+ 4 3 

2 18  2d  41 
Equat.  centre  — 5 45  57 

3 2d  6 20 

+ 1 25  1 

2 13  2d  14 

2 12  40  44 
Variation  + 6 

3 27  31  21 
arg.  1 1 th 

2 12  4c  50 
13th  equation  — 1 13 

. . 

Moon’s  orb.  Ion.  2 12  39  37 
Sun’s  Ion.  - 8 12  35  59 

Faft  oppofition  3 38 

Arguments. 


o t 11 


I 

5 

3 

57 

27 

2 

5 

12 

48 

49 

3 

7 

4 

53 

55 

4 

4 

4 

47 

58 

5 

8 

1 2 

54 

46 

6 

1 

id 

52 

l3 

7 

3 

8 

57 

19 

8 

10 

21 

59 

9 

9 

2 

8 

29 

5 

10 

d 

0 

46 

12 

12 

d 

0 

4 

45 

13 

8 

0 

57 

5 1 

M 

1 1 

29 

9 

29 

Equations. 


0 

+ 

/ 

// 

0 

5 

0 

i 

u 

0 

17 

0 

0 

43 

0 

0 

47 

1 

J7 

J5 

0 

1 

3° 

0 

0 

46 

p 

2d 

0 

19 

0 

0 

2 

+ 1 

2d 

3 

— 1 

2 

— 0 

1 

2 

+ 1 

25 

1 

Moon’s 


USE  AND  APPLICATION  OF  THE  TABLES,  &c. 


' if 


Moon’s  hourly  motion 

35  1 8 

Sun’s  ditto.  - 

2 32 

Hourly  motion  D from  O 

32  46 

L.  L. 

As  hourly  motion  i from  0 3 2'  46" 

2627 

To  one  hour  or  60  m. 

O 

So  is  3'  38"  - 

12178 

383 


To  6m.  39s. 

Former  time  December 
Interval  fubtra£t 


955 1 

D.  h.  m.  3. 

3 16  23  58 
— 6 39 


Time  of  full  moon 

Sun’s  longitude 
Moon’s  ditto 
Reduction 


- 3 16  17  19 


S.  0 ' " 

8 12  35  43 
2 12  35  43 

T*  1 2 


For  the  Moon’s  Latitude. 


Arguments 

g 0 //  // 

t ft 

1 

ix  29  13  23 

— 4 11 

2 

0 0 53  23 

4-  8 

3 

6 25  15  56 

4-  ^ 

4 

2 29  19  20 

— 25 

5 

11  3 22  44 

— 7 

Moon’s  lat.  S.  — 4 29 


For  the  Moon’s  Horizontal  Parallax. 
Arguments. 


// 


/ n 


1 

2 
• 3 


8 12  54  46 
3 27  31  21 
6 o 4 45 


+ on 
+ 58  32 
-f  o 27 


Equatorial  parallax  - 59  10 

Reduction  - - — 9 


Horizontal  parallax  - 59  1 


For  the  time  of  Reduction. 

L.  L. 

As  Moon’s  hourly  motion  from  O 32’'  46"  2627 


To  ih.  or  60m.  o 

So  is  reduction  12"  24771 

To  time  of  redu&ion  4“  22".  22144 

/ '/ 

Sun’s  femidiameter  - 16  17 

Moon’s  femidiameter  - 16  8 


Angle  of  the  moon’s  path  with  the  ecliptic  <;°  40' 

Ncte.  In  eclipfes,  the  dife  of  the  fun  or  moon  is  fuppofed  to  be  divided  into  twelve  equal  parts 
called  digits,  and  each  of  thefe  again  divided  into  60  equal  parts  or  minutes.  The  magnitude  of  an 
eclipfe  is  ellimated  by  the  number  of  digits.  Calculation 
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Calculation  of  the  Eclipfe. 

r 

ft 

Moon’s  horizontal  parallax 

59 

1 

Sun’s  ditto  - - « 

9 

Sum  - - 

59 

10 

Sun’s  femidiameter  fubtraft 

— 1 6 

17 

Semidiameter  of  the  earth’s  fhadow 

42 

53 

Moon’s  femidiameter  add 

+ 16 

8 

Semid.  of  the  moon  and  earth’s  fhadow  59 

r 

Moon’s  latitude  fubtradl 

— 4 

29 

Remains  the  parts  deficient 

54 

3* 

The  eclipfe  will  be  total. 


For  the  Digits  eclipfed. 

As  moon’s  femidiameter  1 6'  S" 

To  6 digits  - 

So  parts  deficient  54'  32" 


L.  L. 
5704 

IOOOO 

415 


To  digits  eelipfed  20°  16' 

47 11 

D. 

h. 

m. 

s. 

Mean  time  of  orbit  oppofition  Dec. 

3 

1 6 

n 

19 

Time  of  redu£tion  add  and  fubtratt 

- 

22 

Middle  of  the  eclipfe 

3 

1 6 

17 

41 

Ecliptic  oppofition 

3 

16 

16 

57 

To  each  of  thefe  add  the  equation  of  time 

+ 9 

22 

Appar.  time  of  the  middle  of  the  eclipfe 

3 

16 

27 

3 

— — — of  ecliptic  oppofition 

3 

16 

26 

*9 

To  find  the  Scruples  of  Incidence , or  that  Part  of  the  Moon's  Path  which  foe  pnjfes  over  between  the  beginning 
, and  middle  of  the  Eclipfe. 

Reduce  the  fum  of  the  femidiameters  of  the  moon  and  earth’s  fhadow  to  feconds,  and  alfo  the  moon’s 
latitude  ; find  their  fum  and  difference  ; and  to  the  logarithm  of  their  fum  add  the  logarithm  of  their 
difference,  and  divide  the  fum  by  2,  the  quotient  is  the  logarithm  of  the  fcruples  of  incidence  in  feconds. 
In  this  example  the  femidiameter  of  the  moon  and  earth’s  fhadow  is 

t a " 


59  1 

Moon’s  latitude  4 29 
Sum 

Difference 


Scruples  of  incidence 
or  58'  50". 


= 354i 

— 269 

Logarithms. 

3810 

3.5809450 

3272 

3.5  148133 

2)7-°957583 

3533 

3-547879I 

For 


USE  AND  APPLICATION  OF  THE  TABLES,  &c. 


For  the  time  of  half  duration. 

' " L.  L. 

As  hourly  mo.  5 from  O z:  32  46  2627 

To  x hour  or  60  minutes  o 

So  fcruples  of  incidence  58  50  (29' 25")  3096 

h.  m.  s.  

To  time  of  half  duration  ih.  47m.  42s.  (o  53  51)  469 

2 


1 47  42 

Becaufe  the  terms  of  this  proportion  are  fuch,  that  the  fourth  term  comes  out  too  great  for  the 
Table  of  logiflical  logarithms,  take  half  of  the  third  term  ; and  then  double  the  fourth  term  for  the 
anfwer. 

D.  h.  m.  s. 


Apparent  time  of  the  middle  of  the  eclipfe  3 16  27  3 

Time  of  half  duration,  fubtracb  and  add  =5=  1 47  42 


Beginning  - - - 3 14  39  21 

End  - - - - 3181445 

In  total  eclipfes  of  the  moon,  the  continues  fome  time  in  total  darknefs  ; to  calculate  this  time,  it  is 
neceiTary  to  find  the  half  length  of  that  part  of  the  moon’s  path  which  lies  wholly  within  the  earth’s 
fhadow,  which  fome  callth c fcruples  of  total  darknefs.  The  operation  is  performed  thus  : 

Subtract  the  moon’s  femidiameter  from  that  of  the  earth’s  fhadow  •,  reduce  the  remainder,  and 
i alfo  the  moon’s  latitude,  to  feconds  ; then  find  their  fum  and  difference,  and  take  the  half  fum  of  the 
logarithms  of  the  fum  and  difference,  and  the  number  anfwering  is  the  fcruples  of  total  darknefs. 

In  this  example, 

f it 

The  femidiameter  of  the  earth’s  fhadow  is  42  53 

The  moon’s  diameter 


9 99  // 

The  difference  is  26  45  zr  1605 

Moon’s  latitude  4 29  zr  269 

Sum  - - 1874 

Difference  - - - 1336 


Scruples  - - - 1584 

or  26'  24" 


— 16  8 

26  45 

Logarithms. 

3.2727696 
3.12580  65 
2)6.3985761 
3.1992880 


For  the  time  of  half  duration  of  total  darknefs. 


As  hourly  motion  of  moon  from  fun  zr 

/ ft 

32  46 

L.  L. 

2627 

To  one  hour  or  60  minutes 

A 

O 

So  are  fcruples  - 

26  24 

3 565 

To  time  of  half  duration  48m.  21s. 
Bob 

938 

Apparent 


386 
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D.  h.  m.  s. 

Apparent  time  of  the  middle  of  the  eclipfe  3 16  27  3 

Half  duration  of  total  darknefs  fubt.  and  add  =+=4821 
Beginning  of  total  darknefs  - - 3153842 

End  of  ditto.  - - - 3 17  15  23 

From  the  calculation  it  appears,  that  the  moon  will  be  eclipfed  at  London,  1797,  Dec.  3d. 

Appar.  time, 

h.  m. 

Beginning  of  the  ecliple  - - - 14  39 

Beginning  of  total  darknefs  - - - 15  38 

Ecliptic  oppofition  ->  - - . 1 6 26 

Middle  of  the  eclipfe  - - - - 1627 

End  of  total  darknefs  - - - - 17  15 

End  of  the  eclipfe  - - - - 1814 

Digits  eclipfed  20°  1 6'  from  S.  fide  of  earth’s  fliadow. 

Duration  of  the  eclipfe  3 h.  35  m. 

Duration  of  total  darknefs  ih.  36m. 


Exam.  2.  Calculation  of  an  eclipfe  of  the  moon  which  will  happen  1802,  Sept.  nth. 

Mean  time  of  orbit  oppofition,  Sept.  nd.  ioh.  40m.  At  that  time  fun’s  longitude  5s.  i8« 
25'  16";  moon’s  longitude  1 1 s.  180  25'  26 ",  latitude  north  37 7 6"  afeending.  Redudion i' 
4 o"  time  of  redudion  2 m.  48  s. 

t n 

Moon’s  hourly  motion  - - - 38  4 

Sun’s  ditto.  — 2 2 6 


Moon’s  hourly  motion  from  fun 

Moon’s  femidiameter 

Sun’s  ditto.  - 

Moon’s  horizontal  parallax 

.Angle  of  the  moon’s  path  with  the  ecliptic  is 


35  38 

o / n 

o 16  43 

- 0 *5  57 

- o 61  17 

5 38  o 


Calculation  of  the  Eclipfe. 

Moon’s  horizontal  parallax 
Sun’s  ditto. 

Sum  - 

Sun’s  femidiameter  fubtrad 

Semidiameter  of  earth’s  fliadow 
Moon’s  femidiameter,  add 

Semidiameter  of  moon  and  earth’s  fliadow 
Moon’s  latitude,  fubtrad 


/ a 
6 1 17 

+ 9 


4* 


61 

26 

r5 

57 

45 

29 

1 6 

43 

6 2 

12 

' 37 

6 

25 

6 

For 


Parts  deficient 
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For  the  digits  eclipfed. 

O t if 

o 1 6 43 
o 25  6 

To  digits  •»  - 900 


As  moon’s  femidiamcter 
To  6 digits 
So  parts  deficient 


L.  L. 
5550 
10000 

378J 


Mean  time  of  orbit  oppofition 
Time  of  redu&ion,  fubtrad:  and  add 

Middle  of  the  eclipfe 
Ecliptic  oppofition 
Equation  of  time  add  to  each 

Apparent  middle  of  the  eclipfe 
— - ecliptic  oppofition 


o 8235 

D.  h.  m.  s. 
II  10  40  o 
=+=2  48 

II  IO  37  12 

ii  10  42  48 
+ 3 31 

11  10  40  43 
II  10  46  19 


Semid.  of  the  5 and  @’s  (hadow 
Moon’s  latitude 

Sum 

Difference 


For  the  fcruples  of  incidence. 

f II  n 

6 2 12  = 3732 
37  6 ~ 222 6 


5953 

1506 


Scruples 

Or 


- T “ - 2995 

49'  45" 

For  the  time  of  half  duration. 

/ " 

35  38 
9 59 


As  moon’s  hourly  motion  from  fun 
To  1 hour  or  60m. 

So  -f  fcruples  of  incid. 


Logarithms. 

3.7751005 

3.1778250 

2)6.9529255 

3.4764627 


L.  L. 

2263 

o 

7789 


To  y of  half  duration 


Half  duration 

Apparent  middle  of  the  eclipfe 
Time  of  half  duration,  fubt.  and  add 


- 16  48 
5 

ih.  24m.  os. 


5526 


Beginning 

End 


B b b 2 


D.  h.  m.  a. 
II  IO  40  43 
4=1  24  o 

II  9 16  43 

. 11  12  4 43 


38? 


1802  i 
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1802,  September  nth,  the  moon  is  eclipfed. 

Appar.  time. 

h.  m. 

Beginning  - v - - 9 16 

Middle  - - - - -10  40 

Ecliptic  oppofition  - - - 10  46 

End  - - - - -124 

Duration  2 hours  48  minutes.  Digits  eclipfed  90. 

PROB.  XIX.  ‘To  defcribe  a Figure  reprefenting  a lunar  Eclipfe.  (Plate  14.  Fig.  4.) 

Exam.  i.  It  is  required  to  project  the  eclipfe,  calculated  in  the  ill  example  of  the  laft  problem. 

1.  Draw  the  ftraight  line  A B for  part  of  the  ecliptic,  in  which  take  any  point  C,  and  draw  CD 
at  right  angles  to  AB,  for  the  axis  of  the  ecliptic  ; which  is  drawn  downwards,  becaufe  the  moon’s 
latitude  at  the  beginning  and  middle  of  the  eclipfe  is  fouth. 

2.  Take  the  femidiameter  of  the  moon  and  earth’s  (hadow,  59'  1",  from  any  fcale,  and  with  it,  as 
a radius,  defcribe  the  circle  ADB  ; the  moon’s  centre  is  in  one  point  of  the  circumference  of  this 
circle  at  the  beginning,  and,  in  the  oppofite  point  of.it,  at  the  end  of  a total  eclipfe. 

3.  Take  the  femidiameter  of  the  earth’s  fhadow,  42'  53",  from  the  fame  fcale,  and  with  it,  from 
the  centre  C,  defcribe  the  circle  KLM,  to  reprefent  the  earth’s  fhadow. 

4.  Make  CD  the  radius  of  a line  of  chords  on  the  feCtor,  and  from  it  take  the  angle  of  the 
moon’s  path  with  the  ecliptic  50  40',  and  fet  it  from  D to  E towards  the  left  hand,  (becaufe  the 
moon’s  latitude  is  fouth  afcending  northward)  and  draw  the  line  CE  for  the  axis  of  the  moon’s  orbit. 

5.  Take  the  moon’s  latitude  4'  29"  from  the  fcale,  which  fet  from  C to  F on  the  line  CE ; and 
through  F draw  the  ftraight  line  PN  at  right  angles  to  CE  ; then  the  points  N,  F,  and  P are  the 
places  of  the  moon’s  centre  at  the  beginning,  middle,  and  end  of  the  eclipfe.  Take  the  moon’s 
femidiameter  from  the  fcale,  and  with  it  defcribe  circles  from  the  centres  N,  F,  and  P.  Thefe  fhall 
reprefent  the  moon  at  thefe  points. 

Eo  mark  the  Hours  on  the  Moon's  Path. 

The  middle  of  the  eclipfe  is  December  3d  i6h.  27m.  3s.  which,  in  civil  reckoning,  is  4I1.  27m. 
in  the  morning  of  December  4th,  marked  on  the  moon’s  path  by  the  point  F.  Now,  for  the  place 
of  four  hours,  fay, 

As  one  hour 

Is  to  the  moon’s  hourly  motion  from  the  fun  32'  46"  5 

So  is  27  m.  3 s. 

To  14'  4 6"  the  diflance  of  4h.  from  F. 

Take  14'  46"  from  the  fcale,  and  fet  it  from  F towards  the  right  hand  for  the  place  of  4 hours; 
then  take  the  moon’s  hourly  motion  from  the  fun  32'  46",  and  fet  it  on  the  moon’s  path  from  4 to 
3,  and  to  5,  and  al'fo  from  5 to  6,  and  the  hours  are  marked.  Divide  each  of  the  hour  diftances 
into  fix  equal  parts,  and  the  place  of  the  moon’s  centre  will  be  known  at  every  10  minutes. 

Exam.  2.  Required  the  projection  of  the  eclipfe,  calculated  in  the  2d  example  of  the  laft  pro- 
blem. (Plate  14.  Fig.  5-) 
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Tins  is  done  in  the  fame  manner  as  the  former ; only,  becaufe  the  moon’s  latitude  is  north,  the 
femicircles  ADB  and  KLM  muft  be  above  the  llraight  line  AB  ; and  becaufe  the  moon’s  latitude  is 
afcending  northward,  the  angle  of  her  path  with  the  ecliptic  50  38'  muft  be  fet  from  D to  E towards 
the  right  hand.  Draw  CE  for  the  axis  of  the  moon’s  orbit,  and  thereon  fet  the  moon’s  latitude  37' 
6"  from  C to  F ; and  through  F draw  the  ftraight  line  NP  at  right  angles  to  CE  and  then  the 
points  N,  F,  and  P,  are  the  places  of  the  moon’s  centre  at  the  beginning,  middle,  and  end  of  the 
eclipfe,  as  in  the  former  example. 

Take  the  moon’s  femidiameter  16'  43"  from  the  fcale,  and  with  it,  for  a radius,  defcribe  circles 
on  the  centres  N,  F,  and  P,  which  will  reprefent  the  moon’s  difc  when  (he  is  at  thefe  points  ; and 
then  place  the  hours  on  the  moon’s  path  as  dire&ed  in  the  former  example. 

PREVIOUS  to  the  Calculation  and  Projection  of  Solar  Eelipfes,  it  will  be  proper  to  premife  fome 
things  for  explaining  the  terms  ufed  in  the  graphical  delineation  of  them. 

Although  the  earth  is  nearly  a globe,  yet  when  it  is  viewed  from  a very  diftant  point,  fuch  as  the 
centre  of  the  fun,  it  will  appear  as  a flat  round  furface,  like  the  moon,  to  us  ; and  this  appearance 
is  called  the  earth’s  difc. 

By  the  continual  rotation  of  the  earth  round  its  axis,  every  point  on  its  furface  defcribes  a circle 
parallel  to  the  equator  ; and  the  circle  defcribed  by  any  point  or  place  is  called  the  path  of  the  ver- 
tex of  that  place. 

The  reprefentations  of  the  paths  of  places  oil  the  earth’s  difc  are  not  always  of  the  fame  form, 
but  differ  with  the  fun’s  longitude  for  when  the  fun  is  in  either  of  the  equino&ial  points,  the 
paths  of  all  places  are  reprefented  by  ftraight  lines  ; and  when  the  fun  is  in  any  other  point  of  the 
ecliptic,  they  are  reprefented  by  ellipfes,  more  or  lefs  eccentric  according  as  the  fun  is  nearer  to,  or 
farther  from,  the  equinoCtial  circle. 

In  defcribing  thefe  paths  on  the  earth’s  difc,  refpeCt  muft  be  had  to  the  pofition  of  the  axes  of  the 
earth  and  ecliptic  at  the  time. 

When  the  fun  is  in  any  of  the  afcending  figns  Vf,  X,  V,  n,  the  northern  half  of  the  earth’s 
axis  lies  to  the  right  hand  of  the  axis  of  the  ecliptic,  as  feen  from  the  fun  ; but  when  he  is  in  any 
of  the  defcending  figns  2B>  SI,  ift,  it  lies  to  the  left  hand.  When  the  fun  is  in  either  of  the 

folftitial  points,  the  two  axes  coincide  ; and  when  he  is  in  either  of  the  equinoctial  points,  they  form 
the  greateft  angle. 

When  the  fun  is  in  any  of  the  northern  figns,  Aries,  Taurus,  &c.  the  north  pole  of  the  earth  is 
in  the  upper  or  enlightened  part  of  the  earth’s  difc  ; and  when  he  is  in  any  of  the  fouthern  figns, 
Libra,  Scorpio,  See.  the  north  pole  of  the  earth  is  in  the  under  or  obfeure  part  of  the  difc. 

The  tranfverfe  diameter  of  any  path  is  always  at  right  angles  to  the  earth’s  axis,  and  the  conjugate 
diameter  coincides  with  or  is  a part  of  it. 

PROB.  XX.  The  Latitude  of  a Place , the  Time  of  the  Tear , and  the  Sun’s  Longitude , being  given , to  de- 
fcribe the  Earth’s  Difc , and  the  Path  of  that  Place  thereon . 

Exam.  It  is  required  to  defcribe  the  earth’s  difc,  and  the  path  of  a place  in  latitude  510  32^  hJ. 
1803,  Auguft  17th,  at8h.  19m.  in  the  morning,  apparent  time.  (Plate  15.  Fig.  2.) 

Sun’s  longitude  4s.  230  24'  45^,  diftance  from  the  folftice  530  24/  45"  ; declination  N.  130  43/43//. 

Draw  the  ftraight  line  AB  to  reprefent  a part  of  the  ecliptic,  and  let  C be  the  point  therein,  which 
is  oppofite  to  the  fun  at  the  time  : from  C draw  CII  at  right  angles  to  AB,  and  Cli  is  the  axis  of 
the  ecliptic,  and  II  its  pole.  From 
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From  the  centre  C defcribe  the  femicircle  AHB  reprefent  the  northern  half  of  the  earth’s  dife. 
Make  CA  or  CB  the  radius  of  the  line  of  chords  on  the  fedlor,  and  take  the  chord  of  23^  degrees, 
which  let  from  H both  ways  to /and  g , and  draw  the  ftraight  line fVg ; the  north  pole  of  the  earth 

is  always  in  this  line. 

Make  fV  the  radius  of  the  line  of  fines  on  the  fedlor,  and  take  the  fine  of  530  24'  45",  the  fun’s 
diitance  from  the  folflice,  which  fet  off  from  V to  P towards  the  left  hand,  becaufe  the  fun  is  in  the 
fign  Virgo,  and  draw  the  ftraight  line  CP/j  for  the  earth’s  axis ; then  P is  the  north  pole  of  the 
earth.  Or  the  angle  contained  between  the  earth’s  axis  and  that  of  the  ecliptic  may  be  found  more 
accurately  by  calculation,  thus  : 

0 J 


As  radius  - - - 

Is  to  the  fine  of  the  fun's  did;,  from  the  folltice 
So  is  the  tan.  of  the  diitance  of  the  poles 

To  the  tan.  of  the  angle  contained  by  the  axes 


S.  90 

0 

10. 

53 

25 

9.904710(5 

*3 

28 

9.6376106 

*9 

*3 

9.5423212 

Now  fet  off  the  chord  of  190  1 3 ' from  H to  h,  and  join  CH,  which  will  cut  fg  in  P,  the  place 
of  the  north  pole. 

Make  CA  the  radius  of  the  line  of  chords  on  the  fedtor ; take  the  chord  of  38°  28',  the  comple- 
ment of  the  latitude,  and  fet  it  off  from  h,  both  ways,  to  e and  «,  where  make  marks.  Again,  take 
the  chord  of  the  fun’s  declination  130  43'  43//  from  the  fedtor,  and  fet  it  off  from  the  points  e and  n% 
both  ways,  to  D and  F,  and  to  M and  G ; then  draw  the  lines  DM,  FG,  cutting  CP  in  12  and  12 ; 
and  the  line  12  K 12  is  the  conjugate  axis  of  the  ellipfe,  which  bifedl  in  K,  and  through  K draw 
the  line  6 K 6 at  right  angles  to  CP. 

Make  CA  the  radius  of  the  line  of  fines  on  the  fedtor,  and  take  the  fine  of  the  co-latitude  38°  28', 
and  fet  it  off  from  K,  both  ways,  to  6 and  6.  Thefe  hours  fall  on  the  circumference  of  the 
elite,  when  the  fun  is  in  either  of  the  equinoctial  points  ; but  at  all  other  times  they  fall  within  it. 
The  line  6 IC  6 is  the  tranfverfe  axis  of  the  ellipfe. 

Make  K 6 the  radius  of  the  line  of  fines  on  the  fedtor,  and  from  it  take  the  fines  of  15°,  30°,  45*, 
6o°,  and  750,  and  fet  them  off  from  Iv,  both  ways,  towards  6 and  6;  and  through  thefe  points 
draw  lines  parallel  to  CP.  Again,  make  K 12  the  radius  of  the  line  of  fines  on  the  fedtor,  and  take 
from  it  the  fines  of  750,  6o°,  450,  30°,  and  150,  and  fet  them  off  on  the  parallels,  beginning  with 
that  next  to  12  K 12  ; and  through  thefe  points  draw  a curve  line,  which  will  be  the  path  of  the 
given  place.  Mark  the  hours  on  the  path  as  per  Fig.  qiul  divide  them  into  halves,  quarters,  and 
fmaller  parts,  at  pleafure. 

The  1 2 next  to  P marks  midnight,  when  the  fun’s  declination  is  north  ; and  that  part  of  the  path 
is  below  the  dife  •,  but  the  other  12  between  K and  C is  noon  or  mid-day.  The  path  touches  the 
circumference  of  the  dife  a little  before  5,  which  is  the  time  of  fun-rifing ; and  again  a little  after 
7,  the  time  of  fun-fetting. 

In  north  latitude,  when  the  fun’s  declination  is  fouth,  the  12  neared  to  P is  mid-day,  and  the  oth- 
er is  midnight. 

In  the  fame  manner,  the  parallel  of  latitude,  or  path  of  any  place,  may  be  deferibed  on  the  earth’s 
dife  for  any  given  time,  and  is  ufed  in  reprefenting  the  appearance  of  an  eclipfe  of  the  fun. 
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PROB.  XXI.  To  calculate  an  Eclipfe  of  the  Sun. 

1.  Calculate  the  time  of  mean  conjunction,  with  the  fun’s  diftance  from  the  moon’s  node,  and 
thereby  find  if  an  eclipfe  will  happen  ; and  if  it  do,  calculate  the  true  time  of  conjunction,  and  the 
fun  and  moon’s  longitudes  at  that  time. 

2.  Calculate  the  moon’s  latitude,  horizontal  parallax,  horary  motion,  femidiameter,  and  angle 
of  her  path  with  the  ecliptic. 

Calculate  the  fun’s  declination,  hourly  motion,  and  his  diftance  from  the  folftice. 

Having  found  thefe  neceffary  requifites,  write  them  down  in  order  to  be  ready  for  ufe. 


Exam.  The  fun  will  be  eclipfed  in  Auguft,  1803. 

The  time  of  mean  conjunction  is  Aug.  1 7 d.  7h.  12m.  24s. 

Sun’s  mean  dift.  from  the  moon’s  node  6s.  2°  8'  8". 

And  the  true  conjunction  is  Aug.  i6d.  2oh.  30m.  34s.  mean  time. 


S. 

0 t 11 

The  fun’s  longitude  theij 

4 

23  25  3 

The  moon’s  orbit  longitude 

4 

23  28  49 

Pali  conjunction 

0 

O 3 46 

Sun’s  mean  anomaly  is.  150  8; 

’S"- 

/ // 

Moon’s  hourly  motion 

3°  57 

Sun’s  ditto  fubtraCl 

m 

•;  2 24 

Moon’s  hourly  motion  from  fun 

a* 

\ 

28  33 

V 

L.  L. 

As  moon’s  hourly  motion  from  © 2 S'  33// 

3225 

To  1 hour  or  60  minutes 

0 

So  is  difference  of  longitudes  f 46^  • 

12022 

To  interval  — 7 m.  54  s. 

8796 

A. 

D. 

h.  m.  ». 

From  the  time  formerly  found  « 

16 

20  30  34 

Subtract  the  interv^L  ~ 

“ 7 54 

CorreCt  time  of  conjunction 

16 

20  22  40 

Equation  of  time 

— 3 48 

Apparent  time  of  conjunction 

16 

20  18  54 

or  8h.  18  m.  54s.  in  the  morning  of  Aug.  17th. 

For  the  Sun  and  Moon’s  places  at  the  corrected  time  of  Conjunction. 

. /II  „ II 

nu  m.  s. 

As  60  : 2 24  : : 7 54  : 18  to  be  fubtraCted  from  ©’s  long. 

60  : 30  571:7  54  : 4'  4"  to  be  fubt.  from  the  j’s  long. 

S.  0 ' " 

And  then  the  fun’s  longitude  is  4 .23  24  45 

The  m|on’s  ditto.  4 23  24  45 


2.  The 
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2.  The  moon’s  horizontal  parallax,  or  femidiameter 

of  the  earth’s  dilc  - 

3.  Sun’s  diftance  from  the  neareft  folftice 

4.  Sun’s  declination  north  - 

5.  Angle  of  the  moon’s  path  with  the  ecliptic 

6.  The  moon’s  latitude  fouth  descending 

7.  The  moon’s  hourly  motion  from  the  fun 

8.  The  fun’s  femidiameter  15'  52''' 

9.  The  moon’s  femidiameter  15  4 

10.  The  femidiameter  of  the  penumbra,  or  fum  of  the 

femidiameters  of  fun  and  moon 

In  this  example  the  fun’s  diftance  from  the  neareft  folftice  is  found  by  Subtracting  3 Signs  from 
his  longitude.  The  angle  of  the  moon’s  path  with  the  ecliptic  is  taken  out  of  the  Table. 

The  method  of  finding  the  other  numbers  has  been  taught  formerly. 

* 

PROS.  XXII.  To  defcribe  a Figure  reprefenting  a folar  Eclipfe , and  to  find  its  Magnitude , Beginnings 

Middle , and  End , at  London.  (Plate  15.  Fig.  2.) 

Exam.  Project  the  folar  eclipfe,  calculated  in  the  laft  problem. 

Draw  the  ftraight  line  AB  to  reprefent  a part  of  the  ecliptic  : take  the  femidiameter  of  the  earth** 
difc  from  a fcale,  and  with  it  as  radius  defcribe  the  femicircle  APIB  for  the  northern  half  of  the 
earth’s  difc,  and  thereon  defcribe  the  path  of  London,  as  has  been  taught  in  the  preceding  pro- 
blem. 

Make  the  femidiameter  of  the  difc  CA  the  radius  of  the  line  of  chords  on  the  feClor,  and  take 
the  chord  of  50  43',  the  angle  of  the  moon’s  path,  which  fet  off  on  the  circumference  of  the  difc, 
from  H towards  the  right  hand,  to  M,  becaufe  the  moon’s  latitude  is  fouth  defcending,  and  draw 
CM  for  the  axis  of  the  moon’s  path. 

Set  off  the  moon’s  latitude  46"  fouth  on  MC,  produced  below  AB  to  X ; and  through  X,  at  right 
angles  to  MC,  draw  the  line  of  the  moon’s  path,  which  cuts  AB  on  the  left  hand  of  X.  The  point 
X is  the  time  of  conjun&ion  by  the  Tables. 

To  find  the  place  of  8 hours  on  the  moon’s  path. 

^ I 

As  1 hour  or  60  minutes 

To  the  D’s  hourly  motion  from  the  O 28'  33;/ 

So  is  the  time  of  conjunction  after  8h.  18m.  52s. 

To  the  diftance  of  8 hours  from  X S'  58" 

Take  8'  58"  from  the  fcale,  and  fet  it  off  from  X towards  the  left  hand  for  the  place  of  8 hours 
on  the  moon’s  path. 

Take  alfo  from  the  fcale  28'  33",  the  moon’s  hourly  motion  from  the  fun,  and  fet  it  off  both 
ways  from  8 to  9 and  7,  as  alfo  from  7 to  6,  Sc c.  and  the  places  of  the  hours  on  the  moon’s 
path  will  be  known.  Divide  each  hour  diftance  into  12  equal  parts  by  dots,  and  the  place  of  the 
moon’s  centre,  or  rather  the  centre  of  the  penumbra,  will  be  known  at  every  5 minutes  during 
the  eclipfe.  To 


L.  L. 
o 

3225 

5°25 

8250 
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55 
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53 

24 

45 

13 

43 

43 

5 

43 

0 

0 

0 

46 
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28 
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USE  AND  APPLICATION  OF  THE  TABLES,  Sec. 

To  find  the  middle  of  the  Eclipfe. 

-Appty  one  hde  a ^luare  t0  t^ie  Path  moon  or  penumbra’s  centre,  and  move  it  backward 

and  forward  until  the  other  fide  of  the  fquare  cuts  the  fame  hour  and  minute  on  the  path  of  London 
and  of  the  penumbra’s  centre,  which  in  this  example  is  at  y and  u in  6 hours  32  minutes,  the  middle 
of  the  eclipfe. 

Take  the  fun’s  femidiameter  15'  52"  from  the  fcale,  and  with  it  deferibe  a circle  about  the  point 
v for  the  fun’s  dife  : then  take  the  moon’s  femidiameter  15'  from  the  fcale,  and  with  it  deferibe. a 
circle  about  the  point  u for  the  moon’s  dife  at  the  middle  of  the  eclipfe.  The  part  of  the  fun’s  dife 
cut  off  by  the  moon’s  is  the  magnitude  of  the  eclipfe  as  it  will  appear  at  London.  In  this  example 
it  is  about  3-^  digits. 

Laftly,  take  the  femidiameter  of  the  penumbra  30'  5 6"  from  the  fcale;  and  letting  one  foot  of  the 
compafles  on  the  moon’s  path,  and  the  other  on  the  path  of  London,  towards  the  left  hand,  carry  that 
extent  backwards  and  forwards  until  both  points  fall  on  the  fame  hour  and  minute  in  each  path,  and 
that  is  the  beginning  oi  the  eclipfe  at  London.  With  the  fame  extent  of  the  compafles,  and  one  foot 
on  each  path,  carry  them  backwards  and  forwards  towards  the  right  hand  ; and  where  both  points  fall 
on  the  fame  time,  that  will  be  the  end  of  the  eclipfe  at  London.  Thefe  trials  give, 

h.  m. 

5 5° 

6 32 

7 3° 

Note  1.  The  projection  of  a folar  eclipfe  will  exhibit  the  appearance  of  it  more  naturally,  if  fome 
alterations  be  made  in  the  preceding  procefs,  adapted  to  the  fuppofition,  that  the  obferver  is  on  the 
earth.  Thefe  alterations  confift  in  drawing  the  axes  of  the  earth  and  moon’s  path  on  the  fide  of 
the  axis  of  the  ecliptic  contrary  to  that  which  is  required  by  the  rule,  and  in  numbering  the  hours 
in  the  oppofite  dire&ion.  For  the  relative  pofition  of  the  axes,  as  feen  from  the  fun,  is  inverted 
with  refpeCl  to  an  obferver  of  the  fun  on  the  earth.  If  a projeClion,  made  according  to  the  pre- 
ceding rule,  be  turned  over  from  right  to  left,  it  will  appear,  if  vifible  through  the  paper,  to  cor- 
refpond  with  one  of  this  conltruCIion. 

Plate  XV.  Fig.  III.  is  an  example,  being  the  fame  eclipfe  proje&ed  in  this  manner,  and  requires 
no  farther  explanation. 

Nate  2.  The  fituation  of  the  point  on  the  fun’s  limb,  with  refpeCl  to  a vertical  and  a horizontal 
diameter,  where  an  eclipfe  begins,  may  be  eafily  determined  by  Projection.  Thus,  with  the  points 
in  the  refpcCtive  paths,  where  the  centres  of  the  fun  and  moon  are  at  the  beginning  of  the  eclipfe,  as 
centres,  and  their  femidiameters  as  radii,  deferibe  circles,  touching  each  other.  Draw  a line  from 
the  centre  (C  Fig.  II.  or  III.  Plate  XV.)  through  the  centre  of  the  fun,  and  it  will  give  the  vertical 
diameter ; and  a diameter  perpendicular  to  this  will  be  horizontal.  Then  the  line  of  chords  on  a 
lector  being  adapted  to  the  femidiameter  of  the  fun,  the  arc  of  the  circumference,  contained  between 
the  point  of  contatt  and  an  extremity  of  one  of  thefe  diameters,  meafured  on  the  chord  line,  will 
give  the  required  fituation  of  the  point,  where  the  eclipfe  begins. 


The  beginning  of  the  eclipfe  at 
The  middle  - 
The  end  - 

Duration  ih.  40m.  Digits  30  30'. 
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TABLES  of  the  SUN’s  MEAN  MOTIONS. 


I. 

The  Sun's  Mean  Longitude  and  Anom- 
aly  in  ’Julian  Tears. 

II.  The  Precef- 
fion  of  the  Equi- 
noctial Points. 

Years. 

M 

. Longitude. 

M.  Anomaly. 

s. 

O 

/ 

// 

s. 

O 

/ 

// 

O 

/ 

// 

I 

1 1 

29 

45 

40 

1 1 

29 

44 

35 

O 

0 

5°-  3 

2 

1 1 

29 

3i 

2 1 

1 1 

29 

29 

9 

0 

1 

40.7 

B 

3 

1 1 

29 

J 7 

2 

1 1 

29 

*3 

44 

0 

2 

31* 

4 

0 

0 

1 

5* 

1 1 

29 

57 

27 

0 

3 

21.4 

5 

1 1 

29 

47 

32 

1 1 

29 

42 

2 

0 

4 

n.7 

6 

1 1 

29 

33 

13 

1 1 

29 

26 

37 

0 

5 

2.1 

7 

1 1 

29 

18 

54 

1 1 

29 

1 1 

12 

0 

5 

52.4 

B 

8 

0 

0 

3 

43 

1 1 

29 

54 

55 

0 

6 

42.8 

9 

1 1 

29 

49 

23 

1 1 

29 

39 

29 

0 

7 

33-1 

IO 

1 1 

29 

35 

4 

1 1 

29 

24 

4 

0 

8 

23-5 

B 

1 1 

1 1 

29 

20 

45 

1 1 

29 

8 

39 

0 

9 

13.8 

12 

0 

0 

5 

34 

1 1 

29 

52 

22 

0 

IQ 

4.2 

J3 

1 1 

29 

51 

15 

( I 

29 

36 

57 

0 

IO 

54-5 

14 

1 1 

29 

36 

55 

1 1 

29 

21 

3 1 

O 

1 I 

44.9 

1 5 

1 1 

29 

22 

36 

1 1 

29 

6 

6 

0 

I 2 

35-2 

B 

16 

0 

0 

7 

35 

1 1 

29 

49 

49 

O 

!3 

25.6 

1 7 

1 1 

29 

53 

6 

1 1 

29 

34 

24 

0 

15 

1.5-9 

18 

1 1 

29 

3* 

47 

1 1 

29 

18 

59 

O 

15 

6 3. 

B 

l9 

1 1 

29 

24 

27 

r 1 

29 

3 

33 

0 

15 

56.6 

20 

0 

0 

9 

17 

1 1 

29 

47 

17 

0 

16 

47- 

B 

40 

0 

0 

1 8 

33 

1 1 

29 

34 

33 

0 

33 

34 

B 

60 

0 

0 

27 

5° 

1 1 

29 

2 1 

5° 

O 

5° 

21 

B 

80 

0 

0 

37 

6 

1 1 

29 

9 

6 

I 

7 

8 

B 

too 

0 

0 

46 

23 

1 1 

28 

56 

23 

I 

23 

55 

B 

200 

0 

1 

32 

46 

1 1 

27 

52 

46 

2 

47 

5° 

B 

300 

0 

2 

l9 

9 

1 1 

26 

49 

9 

4 

1 1 

45 

B 

400 

0 

3 

5 

32 

1 1 

25 

45 

32 

5 

35 

4° 

B 

50c 

0 

3 

5l 

551 1 1 

24 

4i 

55 

6 

59 

35 

III.  Sun 

Years. 

s MeanLongii 
ily  in  Tears  cu 

M.  Longitude. 

Anotn- 

rrcnt. 

M.  Anomaly. 

Obliquity  ef  the 
Ecliptic  \Jl  Jan- 
uary. 

A.  JD. 

s. 

0 

t 

// 

s. 

0 

/ '/ 

0 

' !' 

1761 

9 

IO 

20 

51 

6 

1 

31  11 

23 

28  l6 

1781 

9 

10 

3° 

7 

6 

1 

18  27 

23 

28  9 

1791 

9 

IO 

5 

1 2 

6 

0 

42  32 

23 

27  50 

B 

1792 

9 

IO 

5° 

1 

6 

1 

26  15 

23 

27  48 

1 793 

9 

IO 

35 

41 

6 

1 

10  49 

23 

27  47 

*794 

9 

IO 

21 

22 

6 

0 

55  24 

23 

27  48 

*795 

9 

IO 

7 

*3 

6 

0 

39  59 

23 

27  50 

B 

1796 

9 

IO 

5i 

52 

6 

1 

23  42 

23 

27  52 

1797 

9 

IO 

37 

33 

6 

1 

8 17 

23 

27  54 

1798 

9 

IO 

23 

*3 

6 

0 

52  51 

23 

27  55 

1799 

9 

10 

8 

54 

6 

0 

37  26 

23 

27  58 

1800 

9 

9 

54 

35 

6 

0 

22  1 

23 

28  0 

1801 

9 

9 4° 

16 

6 

0 

6 36 

23 

28  1 

1802 

9 

9 25  56 

5 

29 

51  IO 

23 

28  0 

1803 

9 

9 

1 1 

37 

5 

29 

35  45 

23 

28  0 

B 

1804 

9 

9 56  26 

6 

0 

19  28 

23 

27  58 

1805 

9 

9 

42 

6 

6 

0 

4 2 

23 

27  55 

1806 

9 

9 27  48 

5 

29  48  38 

23 

27  51 

1807 

9 

9 

*3 

29 

5 

29 

33  r3 

23 

27  48 

B 

1808 

9 

9 58 

17 

6 

0 

16  48 

23 

27  44 

1809 

9 

9 

43 

57 

6 

0 

1 3 1 

23 

27  42 

1810 

9 

9 

29 

37 

5 

29  45  57 

23 

27  40 

1 81 1 

9 

9 

15 

17 

5 

29 

3°  32 

23 

27  39 

B 

1812 

9 

IO 

0 

5 

6 

0 

14  15 

23 

27  39 

1813 

9 

9 45 

45 

5 

29  5s  49 

23 

27  40 

1814 

9 

9 

3l 

25 

5 

29  43  26 

23 

27  4‘ 

1815 

9 

9 

*7 

5 

5 

29  27  48 

23 

27  43 

B 

1816 

9 

IO 

1 

53 

6 

0 

1 1 41 

23 

27  46 

1817 

9 

9 

47 

33 

5 

29  56  15 

23 

27  48 

1818 

9 

9 

33 

J3 

5 

29  40  50 

23 

27  5° 

1819 

9 

9 

18 

53 

5 29  25  24 

23 

27  52 

B 

1820 

9 

IO 

3 

4' 

6 

0 

9 7 

23 

27  52 

1821 

9 

9 

49 

22 

5 

29  55  42 

23 

27  51 

1841 

9 

9 

58  39 

5 

29 

42  59 

23 

27  59 
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TABLE  IV.  The  Sun’s  Mean  Longitude  and  Anomaly  for  Months  and  Days, 


0 

January. 

U 

P 

February. 

t? 

P 

March. 

« 

P 

April. 

to 

Longitude. 

Anomaly. 

CO 

Longitude. 

Anomaly. 

to 

Longitude. 

Anomaly. 

to 

Longitude. 

Anomaly. 

S.  0 ' " 

S.  0 ' “ 

S.  0 ' " 

S.  0 ' " 

s 

oil / 

s. 

0 / u 

S.  0 ' " 

S.  0 ' " 

1 

0 ojg  £ 

0 0 59  8 

1 

I I 32  27 

I I 32  21 

1 

I 

29  8 20 

I 

2989 

1 

2 29  41  38 

2 29  41  22 

2 

0 1 58  17 

0 1 58  17 

2 

i 2 31  35 

I 2 31  29 

2 

2 

0728 

2 

0 7 17 

2 

3 0 40  46 

3 0 4°  3° 

3 

0 2 57  25 

0 2 57  24 

3 

* 3 3°  43 

* 3 3°  37 

3 

2 

1 6 36 

2 

1 6 25 

3 

3 1 39  55 

3 1 39  3s 

4 

0 3 56  33 

0 3 56  32 

4 

1 4 29  52 

1 4 29  46 

4 

2 

2 5 45 

2 

2 5 34 

4 

3 2 39  3 

3 2 38  46 

5 

0 45542 

0 45541 

5 

1 5 29  0 

1 5 28  53 

5 

2 

3 4 53 

2 

3 4 42 

5 

3 3 38  11 

3 3 37  54 

6 

0 5 54  50 

0 5 54  49 

6 

1 6 28  8 

1 6 28  1 

6 

2 

4 4 1 

2 

4 3 49 

6 

3 4 37  2© 

3 4 37  3 

7 

0 65358 

0 65357 

7 

1 7 27  17 

1 7 27  10 

7 

2 

5 3 10 

2 

5 2 58 

7 

3 5 36  28 

3 5 36  11 

8 

0 7 53  7 

0 7 53  6 

8 

1 8 26  25 

1 8 26  17 

8 

2 

6 218 

2 

626 

8 

3 6 35  36 

3 6 35  *8 

9 

0 8 52  15 

0 8 52  14 

9 

» 9 25  33 

1 9 25  26 

9 

2 

7 1 26 

2 

7 1 H 

9 

3 7 34  45 

3 7 34  27 

IO 

0 9 51  23 

0 9 51  21 

10 

1 10  24  42 

1 10  24  35 

10 

2 

8 0 35 

2 

8022 

10 

3 8 33  53 

3 8 33  35 

1 1 

0 ro  50  32 

0 10  50  30 

1 1 

1 11  23  50 

1 11  23  42 

1 1 

2 

8 59  43 

2 

8 59  30 

1 1 

3 9 3 3 i 

3 9 32  43 

12 

0 1 1 49  40 

0 11  45  38 

12 

i*  12  22  58 

1 12  22  50 

12 

2 

9 58  5 1 

2 

9 58  38 

12 

3 10  32  IC 

3 31  52 

13  0 12  48  48 

0 12  48  46 

x3 

1 13  22  7 

1 13  21  59 

l3 

2 IO  58  O 

2 

10  57  47 

*3 

3 11  31  18 

3 11  3°  59 

HP  13  47  57 

0 13  47  54 

H 

1 14  21  15 

1 14  21  7 

H 

2 

11  57  8 

2 

11  56  55 

H 

3 12  30  26 

3 12  30  7 

l5 

0 14  47  5 

0 14  47  2 

15 

1 15  20  23 

1 15  20  15 

l5 

2 

12  56  16 

2 

12  56  3 

*53  *3  29  35 

i 

3 13  29  16 

16 

0 15  46  13 

0 15  46  10 

16 

1 16  19  31 

1 16  19  23 

16 

2 

*3  55  25 

2 

r3  55 

i6|3  H 28  43 

3 14  28  24 

'7 

0 16  45  22 

0 1 6 45  19 

17 

1 17  18  40 

1 17  18  31 

17 

2 

H 54  33 

2 

14  54  19 

17 

3 *5  27  51 

3 *5  27  3 2 

18 

0 17  44  30 

0 17  44  27 

18 

1 18  17  48 

1 18  17  39 

18 

2 

*5  53  4i 

2 

l5  53  27 

18 

3 16  27  0 

3 1 6 26  40 

x9 

0 18  43  38 

0 18  43  35 

l9 

1 19  16  56 

i 19  16  47 

*9 

2 

1652  50 

2 

16  52  36 

*9 

3 17  26  8 

3 17  25  48 

20 

0 19  42  47 

0 19  42  43 

20 

1 20  16  5 

1 20  15  56 

20 

2 

17  51  58 

2 

*7  5 1 44 

20 

3 18  25  16 

3 18  24  56 

21 

0 20  41  55 

0 20  41  51 

21 

1 21  15  13 

1 21  1 5 4 

21 

2 

1851  6 

2 

18  50  51 

21 

3 19  24  25 

3 19  24  5 

22 

O 21  41  3 

021  40  59 

22 

1 22  14  21 

1 22  14  1 1 

22 

2 

19  50  15 

2 

19  50  0 

22 

3 20  23  33 

3 20  23  13 

23 

O 22  40  12 

0 22  40  8 

23 

1 23  13  30 

1 23  13  20 

23 

2 

20  49  23 

2 

20  49  8 

23 

3 21  22  41 

3 21  22  21 

24 

O 23  39  20 

0 23  39  16 

124 

1 24  12  38 

1 24  12  28 

24 

2 

21  48  3 1 

2 

21  48  16 

24 

3 22  21  5c 

3 22  21  29 

25 

0 24  38  28 

0 24  38  23 

25 

1 25  11  46 

i 25  11  36 

25 

2 

22  47  40 

2 

22  47  25 

25 

3 23  20  58 

3 22  20  37 

26 

0 25  37  37 

0 25  37  32 

26 

1 26  10  55 

1 26  10  45 

26 

2 

23  46  48 

2 

23  46  33 

26 

3 24  20  6 

3 24  19  45 

27 

0 26  36  45 

0 26  36  40 

27 

1 27  10  3 

1 27  9 52 

27 

2 

24  45  56 

2 

24  45  40 

27 

3 25  19  H 

3 25  18  54 

28 

0 27  35  53 

0 27  35  48 

28 

1 28  9 11 

1 28  9 0 

28 

2 

25  45  5 

2 

25  44  53 

28 

3 26  18  23 

3 26  18  2 

29 

0 28  35  2 

0 28  3457 

In  the  months  Janu- 

29 

2 

26  44  13 

2 

26  43  57 

29 

3 27  17  31 

3 27  17  9 

30 

0 29  34  IO 

0 29  34  5 

ary  and  February  of  bif- 

3° 

2 

27  43  21 

2 

27  43  5 

30 

3 28  16  40 

3 28  16  18 

* 

3i 

fi 

O 

O* 

O* 

OO 

1 0 33  12 

one  day  from  the  lime. 

3i 

2 

28  42  30 

2 

28  42  14 
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The  Sun’s  Mean  Longitude  and  Anomaly  for  Months  and  Days , 


May. 


Longitude.  | Anomaly. 


S. 


S.  0 


'5  483 


*,3  29  1 
2j4  o 14  56 
34  1 14  5 
414  2 13  *3 
5 4 3 12  21 


-i- 


6|+  4 11  30 

7 4 5 10  38 


4 6 94 

9|4  7 8 55 
io|4  8 8 3 


4 

4 

64 


|i>j4  9 
; 1 2 4.  10 
11314  11 
0414  12 
1*5,4  *3 


7 11 
6 20 
c 28 


4 364  I2 


3 45 


iiC'4  14 

1*714  *5 
084  16 


20 

2 1 

22 

23 

24] 

25 


17 


2 53 
2 1 
1 10 

o 18 


29 

0 

1 

2 


15  26 
14  34 
i3  43 
1 2 5 1 
1 1 58 


4117 

5 i°  *5 

6 923 

7 S 32 

8 7 40 


4 9 
4 10 
4 11 


4 13 


6 47 

5 56 

5 4 
4 12 

3 21 


4 14  2 28 
4 15  1 36 
416  d 45 
4 16  59  53 


17592641759  1 


4 18  58  35 

4 19  57  43 
4 20  56  5 1 
4 2 1 56  c 

4 22  55 


27 

28 


29 


164 


264  23  54 

4 24  53  25 
4 25  52  33 
4 26  51  41 


23  53  5® 
4 24  52  58 
4 25  52  6 
4 26  5 1 14 
3° 4 27  5°  5°4  27  5°  23 


10 


4 18  58 
4 19  57  17 
4 20  56  25 

4 21  55  34 
22  54  42 


84 


6 

7 

8 

9 

10 


June. 


Longitude. 


s. 0 


4 29  49 

5 o 48  15 
5 1 47  23 
5 2 46  3 1 
5 3 45  4° 


S.  0 7 77 
64  29  48  39 
5 o 47  47 

5 1 46  55 
5 2 46  3 

5 3 45  12 


4 44  48 

5 43  56 

6 43 


7 42  13 5 


5 8 41  21 


31  5 28  49  584  28  49  31 


1 1 5 9 40  3c 

1 2 5 10  39  3^  5 
135  11  38  465 
145  12  37  55 
i5  5 13  37  3 


5 14  36  11 
5 15  35  20 
5 16  34  285 
5 17  33 
5 18  32 


365 


45  5 


Anomaly. 


4 44  20 

5 43  28 

6 42  37 

7 4i  44 

8 40  52 


9 40 

10  39 

11  38  16 

12  37  25 

13  36  33 


5 14  35  4i 
5 15  34  5° 

16  33  57 

17  33 

18  32  14 


21  5 i9  3i  53  5 19  3*  32 
2252031  15203030 

23  5 21  30  105  2 1 29  39 
5 22  29  185  22  28  46 


July- 


Longitude. 


S.  0 ' 

5 29  23  165  29  22  43 


0 22  24 

1 21  33 

2 20  41 

3 19  49 


86 

9'* 


18  58 
18 
17  i- 
16  2‘ 


106  8 15  31 


1 1 1 

J2  6 

;4 

146 

156 


24 

25  5 23  28  26 


21 
2 ' 
28 
29 
3° 


65  24  27  35 


7 5 25  26  435 
5 26  25  51 

5 27  24  59 
5 28  24  8 


5 23  27  54 


1 6 

17 

18 

5i9 

■ 20 

21 
22 
125 

:25 


'4  39^ 
;3  486 
6 
6 

13  6 


9 1 

10  1 

11  12  56 
1212  4 
13  11 


14  10  21 

15 

16 


Anomaly. 


O O 21  51 
6 I 21  O 
6 2 20  8 
6 3 19  15 


46 

36 


4 18  24 

5 17  32 

6 16  40 

7 15  49 

8 14  56 


9 14  4 

10  13  13 

11  12  21 

12  11  29 

13  10  38 


6 14 


17 

18 


9 29  6 15 
8 38 
7 46 
6 54 


5 24  27  3 
25  26  1 1 
5 26  25  19 
5 27  24  26! 
5 28  23  35 


26 

2 

28 

2 

3° 


31 


■>  19 
6 20 
6 21 
6 22 
6 23 


6 
5 11 
4 1 
3 28 
2 36 


3 6 


6 24  1 44 
7625  053 
6 26  o 1 
9 6 26  59  9 


6 16 
6 17 
6 18 


9 45 
8 53 
8 2 
7 10 
6 18 


a9 
6 20 


5 26 

4 34 
21  3 42 

6 22  2 51 
6 23  1 59 


96 


1 1 

1 2 

13 

14 

15 


Auguft. 


Longitude.  Anomaly. 


s. 


II 


s. 


6 29  56  346  29  55  55 


7 0 55-43 
7 1 54  51 
7 2 53  59 

7 3 53  8 


7 055  4 

7 1 54  12 

7 2 55  20 
7 3 52  29 


67  4 52  16,7  4 5i  37 
7 7 5 5i  247  5 5°  44 
87  6503317  64954 

9 7 7 49  4 * ! 7 7 49  1 
10  7 8 48  49  7 8 48 


9 47  58  7 9 47  18 

10  47  6.7  10  46  25 

11  46  147  11  45.  33 


12  45  23 

13  44  3i 


i67  14  43  39 
17  7 15  42  487 
7 16  41  56 
7 17  41  4 
7 18  4°  13 


20 


6 24  1 7 

6 25  015 
6 25  59  23 
6 26  58  31 


6 27  58  186  27  57  40 


6 28  57  26,6  28  56  48 


21 

22 

23 

24 

25 


7 19  39  21 


7 I2  44  42 
7 13  43  50 


7 14  42  58 
15  42  7 
7 16  41  16 
7 17  40  22 
7 18  39  3i 


7 19  38  39 


20  38  29  7 20  37  47 


21  37  38 

22  36  4c 

23  35  54 


267  24  35  3 

27  7 25  34  11 

28  7 26  33  19 

297  27  32 
3°i7  28  31 


28  7 

367 


3il7  29  30  44 


7 21  36  56 
7 22  3 6 4 
7 23  35  n 


24  34  20 

2 5 33  28 

26  32  36 

27  3i  4+ 

28  30  52 


7 29  30  0 
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The  Sun's  Mean  Longitude  and  Anomaly  for  Months  and  Days'* 


September. 


Longitude.  | Anomaly 

7 


s. 0 


// 


L.S 

i 

4l8 
J 8 

6 


0 29  538 

1 29  l8 

2 28  p's 
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T ABLE  V.  Of  the  Sun's  Mean 
Longitude  and  Anomaly  for  Id  ours  % 
Minutes , and  Seconds . 
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TABLE  VII.  Logarithms  of  the  Sun's  Dijlance  from  the  Earth . 


Argument.  Sun’s  Mean  Anomaly. 
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TABLE  X.  Of  the  Equation  of  Time  fitted  to  each  Degree  of  the  Ecliptic.  Place  cj  the  apogee  y f 

Argument.  Sun’s  Longitude. 
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TABLE  T.  Of  the  Moon's  Mean  Motions  in 
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reduftion  of  the  latitude, 
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Table  for  finding  the  Moon's  Diameter. 
Argument.  Equatorial  Parallax. 
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TABLES  FOR  finding  the  MOON’s  HOURLY  MOTION  in  LONGITUDE  am 

LATITUDE. 


I.  For  the  Moon’s  Hourly  Motion  in  Lon- 
gitude. 


II.  For  the  Moon’s  Hourly  Motion  in  Longi- 
tude. 
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III.  For  the  Moon’s  Hourly  Motion  in  Longitude. 

Argument  XII.  of  Long.  viz.  D’s  equat. 
Long.  — O’s  true  Longitude. 
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I.  For  the  Moon’s  Hourly 
Motion  in  Latitude. 

Argument  I.  of  Lat. 


S. 

+ 0 

+ 1 

+ 2 

S. 

s. 

— 6 

— 7 

4-  8 

s. 

0 

/ // 

/ w 

7 If 

0 

0 

2 58 

2 34 

1 29 

30 

5 

2 57 

2 26 

1 15 

35 

10 

2 55 

2 16 

1 1 

20 

J5 

2 52 

2 6 

0 46 

25 

20 

2 47 

1 54 

0 31 

10 

25 

2 41 

1 42 

0 15 

5 

3° 

2 34 

1 29 

0 0 

0 

S. 

+ 1 1 

+ 10 

+ 9 

S. 

S. 

— 5 

— 4 

— 3 

s. 

II.  For  the  Moon' s Hourly 
Motion  in  Latitude. 


Argument  II.  of  Lat. 
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Angle  of  the  vifible  Path  of  the  Moon  with  the  Ecliptic  in  Eclipfes. 
Argument.  Long.  Jin  her  Orbit — Long.  S3. 


‘Tables  of  the  Mean  Motions  of  the  Moon  from 
the  Sun. 


0 Signs  6. 

Horary  Motion  of  the  Moon  from  the  Sun. 

/ 

27 

/ 

28 

/ 

29 

/ 

30 

/ 

31 

33 

/■ 

33 

r 

34 

/ 

35 

i 

36 

O jo  ' 

0 5 47 
35  46 

65  45 

; 

O / 

5 46 
5 45 
5 44 

0 t 

5 45 
5 44 
5 43 

0 / 

5 44 
5 43 
5 42 

0 7 

5 43 
5 42 
5 41 

O / 

5 42 
5 42 
5 4° 

0 0 / 

1 , 

5 41  5 4i 
5 4i  > 4° 
5 39  5 39 

0 / 

5 4C 
7 4c 
5 38 

0 / 

5 39 
5 39 

5 38 

O 

JO 

27 

24 

9 5 42 

125  39 

>55  35 

1 . . 

5 4' 
5 38 
5 34 

5 4° 
5 37 
5 35 

5 39 
5 3^ 
5 32 

5 39 
5 35 
5 31 

5 3* 
5 35 
5 3i 

5 37  5 37 
5 345  33 
5 3°l5  2'9 

5 36 
5 33 
5 29 

5 35 
5 32 
5 28 

2! 

18 

l5 

11  Signs  5. 

A.D. 
1761 
1781 
1791 
B 1792 
1 7 93 

S.  0 • " 
9 20  47  17 
2 4 12  47 

10  4 49  47 
2 26  38  39 
7 6 16  4 

1794 
1-795 
B 1796 

1797 

1798 

11  15  53  29 

3 25  3°  54 
8 17  19  45 
0 26  57  10 
5 6 34  35 

1799 

1800 

1 801 

1 802 

1803 

91612  0 

1 25  49  25 
6 5 26  49 

10  15  4 15 

2 24  41  39 

B 1804 

1 805 

1806 

1807 
B 1808 

7 I(5  3°  3i 
1126  7 56: 

4 5 45  20 

8 15  22  45 

1 7 11  37, 

. 

1 809 

1810 

181 1 
B 1812 

1813 

5 16  49  3 
9 26  26  28: 

l 6 3 54' 

6 27  52  47, 
II  7 30  12 

1- 

1814 

1815 
B 1816 

1817 

1818 

3 1 7 7 38 
7 26  45  3 
0 18  33  56 
428  11  22 
9 7 48  47 

1819 
B 1 820 
1821 

1 17  26  13 
6 9 15  6 
10  18  32  32 

Years  complete.  [ 


1 

2 

3 

B 4 
5 

S.  0 ' "! 

4 9 37  24! 
8 19  14  49 
0 28  52  14 

5 20  41  6 

iq  018  30 

6 

2 9 55  54 

7 

6 19  33  19 

B 8 

11  11  22  10 

9 

3 20  59  36 

10 

8 0 37  0 

1 1 

0 io  14  24 

B 12 

5 2 3 u 

13 

9 1 1 40  40 

H 

I 21  18  5 

l5 

6 0 55  30 

B 16 

10  22  44  21 

17 

3 2 2l  46 

18 

7 11  59  10 

'9 

ti  21  36  35 

B 20 

4 13  25  26 

Months. 


S.  0 ' " 


January 

0 

0 0 

0 

Febr. 

0 

17  54  48 

March 

April 

1 1 

0 

29  15 
17  TO 

1 6 
3 

May 

0 

22  53 

23 

June 

1 

10  48 

1 1 

July 

1 

16  31 

22 

Auguh 

2 

4 26 

20 

Sept. 

2 

22  21 

8 

0 a. 

Nov. 

2 

3 

28  • 4 29 

T5  59  16 

Dec. 

— _ 

3 

21  42 

37 

In  months  after  February  of  bi /Tex tile  years 
fubtratt  one  day  from  the  time  found  by  the 


Tables, 


I 1 i 


APPENDIX  TO  THE  ASTRONOMY. 


Tables  of  the  Mean  Motions  of  the  Moon  from  the 
Sun. 


TABLE  I.  Of  Mean  New  Moons , See.  in  March,  from 

1791/0  1821. 
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D.  h.  m. 


A Lunation  = 29  12  44  3 
Jialf  a lunation  ;=  14  18  a 5 


Mean  New 
Moon  in 
March. 

Sun’s  Mean 
Anomaly. 

j 

Moon’s  Mean 
Anomaly. 

Sun’s  Mean 
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the  Moon’s 
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II.  Mean  Anomalies,  find  Sun’s  Mean  Di/lance  from  the 
Node,  for  13!  Mean  Lunations. 


III.  The  Days  of  the  Tear  reckoned  from  the 
beginning  of  March. 
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VI.  The  Second  Equation  of  the  Mean  to  the  True 
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VI T.  The  third  Equation  VIII.  The  fourth  Equa- 
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Of  ^FACTITIOUS  AIRS,  and  the  First  Principles 

of  CHEMISTRY, 


CHAP.  L 

Of  Chemical  Attractions. 

Def.  I.  /CHEMISTRY  is  that  fcience  by  means  of  which  are  afcertained  the 
nature  and  properties  of  bodies. 

The  methods  of  obtaining  this  knowledge  are  analyjrs  and  fynthcfis  : but  there  being  no  criteria  by  which  we 
can  didinguifh  the  primary  elements,  there  can  be  no  certainty,  in  any  indance,  of  a complete  analyfis. 

Def.  II.  That  power  which  tends  continually  to  bring  principles  together  which  are 
difunited,  and  which  retains  with  more  or  lefs  energy,  thofe  which  are  already  in  a flate 
of  combination,  is  called  the  attraction  of  affinity. 

It  is  impofiible  to  produce  any  change  in  nature  without  interrupting  or  modifying  this  attra&ive  power. 

Def.  III.  Affinity  of  aggregation  is  that  wrhich  exifls  between  two  principles  of  the 
fame  nature. 

Two  drops  of  water  which  come  together  form  an  aggregate.  Each  drop  may  be  called  an  integrant  part. 

An  aggregate  dilfers  from  a heap,  becaufe  the  integrant  parts  of  the  latter  have  no  perceptible  adhefion  to  each 
other,  as  a heap  of  fand,  corn,  &c.  They  both  differ  from  a mixture,  the  condituent  parts  of  which  are  of  a dif- 
ferent nature,  as  gunpowder. 

The  afiinity  of  aggregation  is  Wronger,  the  nearer  the  parts  approach  each  other;  confcquently  whatever  tends 
to  feparate  thefe  parts  diminifhes  their  affinity.  This  effedt  is  produced  by  heat ; thus,  melted  metals  have  no 
confidence.  Hence  the  matter  of  heat,  which  is  called  by  chemifts,  caloric,  produces  an  effedt  oppofite  to  attradlion. 

There  are  four  kinds  of  aggregates,  arifing  from  the  different  degrees  of  force  of  this  attradlion,  adting  between 
the  condiment  principles  of  bodies  ; — thefe  are  the  hard  ; — the  foft ; — the  fluid  ; — and  the  aeriform  aggregates  ; 
and  of  thefe  there  are  feveral  varieties.  Water  appears  in  all  thefe  four  dates  of  aggregation. 

D ef.  IV.  When  the  very  minute  parts  of  one  fubftance  unite  with  thofe  of  another, 
fo  intimately  ns  to  form  a body  which  has  properties  different  from  thofe  of  either. of 
them,  the  union  is  called  the  attra&ion  of  compofilion.  The  parts  into  which  a body  is 
divided  by  decompofition,  are  called  component  parts,  or  principles. 

Sand  and  fait  of  tartar  expofed  to  a dreng  heat  combine,  and  form  a compound  called  glafs. 

Bodies  of  different  kinds  exert  a tendency,  or  attradlion  upon  each  other,  by  virtue  of  which  all  the  changes  of 
compofition  and  decompofition  are  effected.  The  affinity  of  compolitioa  exhibits  invariable  laws  in  all  the  phe- 
nomena it  caufes. 
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t.  It  a<fls  only  between  the  condiment  parts  of  bodies.  Two  bodies  placed  near  each  other  do  not  unite  ; but, 
if  they  be  divided  and  mixed,  a combination  may  arife.  Let  fome  common  fait  be  triturated  with  lithane  : or 
fome  fal  ammoniac  with  lime.  The  energy  of  the  affinity  of  compofition  is  always  proportioned  to  the  degree  of 
the  dtvifion  of  bodies. 

2.  The  affinity  of  compofition  is  in  the  inverfe  ratio  of  that  of  aggregation.  The  difficulty  of  decompofing  a 
body  is  greater  in  the  proportion  as  its  condiment  principles  are  united  by  a-greater  force.  Gafes  and  vapours 
tend  to  combination,  becaufe  their  aggregation  is  weak  : and  nature,  which  is  conftantly  renewing  the  produc-' 
tions  of  this  globe,  never  combines  fofid  with  folid  j but  by  reducing  every  thing  into  the  form  of  gas,  breaks  the 
hnpediments  of  aggregation,  and  thefe  gafes  uniting  form  folids  in  their  turn* 

3.  This  attraction  takes  place  between  bodies  of  a diffimilar  nature.  The  more  diffimilar  they  are,  the  great' 
er  is  the  force  with  which  they  combine.  The  intimate  combination  of  acids  and  alkalis  ;*  of  acids  and  metals  ; 
of  alkalis  and  oils,  are  in  proof  of  this.  It  was  formerly  fuppofed  that  a certain  fimilarity  exided  between  fub- 
ftances  fubjedt  to  this  mutual  attradlion  ; and  on  this  error  the  term  affinity  was  founded. 

4.  Several  bodies,  fometimes  three,  in  other  cafes  four,  combine  in  confequence  of  this  attraction.- 

5.  One  of  the  fubdances  that  are  to  enter  into  combination,  at  lead,  mud  be  in  a fluid  date. 

A folid 

*As  it  is  not  intended  toentet  at  large  into  tne  principles  of  chennftry,  i:  will  be  fufficient  irl  this  place  briefly  to  exptain 
the  nature  and  properties  of  a/i'.ilis  and  add 1,  which  are  the  agents  mod  frequently  employed  in  chemical  experiments. 

Firft.  Ok  Alkalis.- — It  is  agreed  to  call  every  fubftance  an  alkali  which  is  charatfterifed  by  all  the  following  properties.  (1) 
An  acid  burning  urinous  talk.  (3)  The  property  of  turning  fyrup  of  violets  green.  (3)  The  virtue  of  forming  glafs  when 
fufed  with  flinty  fubflances.  (4)  The  faculty  of  rendering  oils  mifcihle  with  water  ; — of  effervefeing  with  certain  acids  ;; — 
and  of  forming  neutral  falts  with  all  of  them. 

Alkalis  are  divided  into  the  fixed  and  volatile.  This  diftiniftion  is  eftablifhed  upon  tlie  fniell  of  thefe  fubflances  : the  former 
are  not  volatized  by  any  heat,  and  emit  no  characteriftic  finch  ; but  the  latter  are  eafily  reduced  to  vapour,  and  emit  a very 
penetrating  odour.  1 ' 

Fixed  alkalis  are  of  two  kinds,  the  one  is  called  vegetable  alkali,  or  pot-afh;  tlie  ether  mineral  alkali,  orfoda. 

1.  Vegetable  alkali  may  he  extracted  from  various  fubflances;  as  (x)  from  the  lixivium  of  wood-aflies,  which  is  obtained 
by  wafhing  the  allies,  and  concentrating'the  diffolution  in  iron  boilers.  Hence  wood-aflies  are  employed  by  laundrefles  and 
bleachers  ; the  ul'e  of  which  is,  that  the  alkali  may  combine  with  the  fat' fubflances,  and  render  them  foluble  in  water.  (3) 
The  lees  of  wine  are  almoft  totally  converted  into  very  pure  alkali  by  combuftion.  (3)  The  combuflion  of  tartar  of  wir,c 
likewife  affords  an  alkali  of  confiderable  purify,  and  is  known  by  the  name  of  fait  of  tartar,  which  is  commonly  employed  in 
medical  ufes. — Vegetable  alkali  attraiffs  the  humidity  of  the  air,  and  is  thus  refolved  into  a liquor. 

Mineral  alkali  is  fo  called,  becaufe  it  forms  the  bafis  of  marine  fait : and  it  is  obtained  from  marine  plants  by  combuflion. 
It  differs  from  the  vegetable  becaufe  (1)  it  is  lefs  cauftic.  (3)  It  does  not  attraifl  the  humidity  of  the  air,  hut  efflorefees  in  it. 
(3)  It  cryflallizes  in  rhomboidal  octahedrons.  (4)  It  forms  different  products  with  the  fame  bafes.  (5)  It  is  more  proper  for 
vitrification.  Fixed  alkalis  eafily  combine  with  fulphur  ; either  by  the  fufion  of  equal  parts  of  alkali  and  fulphur  ; or  by  di- 
gefting  the  liquid  alkali  upon  fulphur;  thefe  folution's  are- called  fivers  of  fulphur. 

Volatile  alkali  is  chiefly  obtained  from  the  diftillation  of  all  the  parts  of  animal  fubflances.  Homs  are  employed  in  prefer* 
cnce,  becaufe  they  art  refolved  almoft  entirely  into'oil  and  volatile  alkali.  The  putrefaction  of  all  animal  fubflances  likewife 
produces  volatile  alkali. 

Volatile  alkali  is  known  by  its  ftrong  penetrating  fmell.  It  is  eafily  reducible  into  the  ftate  of  gas,  and  preferves  this  form 
at  the  temperature  of  the  atmofphere.  This  gas  may  be  obtained  by  decompofing  fal  ammoniac  by  quick-lime,  and  receiving 
the  product  over  mercury. 

(1)  Alkaline  gas  kills  animals,  and  corrodes  the  fkin.  (3)  It  is  improper  for  combuftion.  (3)  It  is  lighter  than  atmof* 
phtric  air. 

Secondly.  Of  Acids. — Subftances  either  in  a liquid  or  concrete  form,  which  have  a four  tafle,  are  called  acids.  They  are 
extracted  from  various  bodies,  mineral,  vegetable,  and  animal;  on  which  account  they  arc  diftinguilhed  into  mineral,  vegeta- 
ble, and  animal  acids.  Thofe  of  the  firft  clafs  are,  the  vitriolic,  nitrous,  and  marine  acids.  The  principal  vegetable  acids  are 
the  acetous,  the  vinous,  the  effential  acid  of  vegetables,  and  that  obtained  from  oils  and  refins.  The  animal  acids  arc  prin- 
cipally the  phofphoric  ; the  acid  of  ants  and  other  infeCts  ; and  the  acids  of  healthy  and  difeafed  ftomachs. 

Tlie  properties  which  belong  to  all  acids  in  general,  by  which  they  are  diflinguiflied  from  the  other  claffes  of  bodies  are,  (i) 
they  have  a great  affinity  to  water,  with  which  they  fo  eafily  combine,  that  moll  of  them  appear  in  a liquid  form,  on  account 
of  the  water  mixed  with  them,  (a)  They  may  be  combined  with  fpirits  of  wine.  (3)  With  abforbent  earths.  (4)  With 
atkalis.  (5)  With  metallic  fubflances;  but  every  metal  will  not  combine  with  every  acid  indiferiminately.  (6)  When  they 
are  much  concentrated  they  may  be  combined  with  oils. 

The  following  are  principal  effeCts  arifingfrom  thefe  combinations.  (l)  When  concentrated  acids  are  properly  mixed  with 
peunded  iCc,  or  fnow,  they  produce  cold.  (3)  They  dillblvc  folid  animal  fubflances.  (3)  They  coagulate  moft  of  the  ani- 
mal fluids.  (4)  They  change  the  blue  vegetable  colours  to  red,  fuch  as  the  colour  of  turnfolc,  fyrup  of  violets,  &c.  which  arc 
ufed  to  afeertain  the  prefente  of  acids  ; excepting  the  vitriolic  acid,  which  deftroys  thefe  colours.  (5)  They  refift  fermenta- 
tion. (6)  They  require  a greater  degree  of  cold  than  water,  to  freeze  them,  (7)  When  they  are  combined  with  various  of 
the  above  mentioned  fubflances,  different  elaftic  fluids  are  produced, 
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A folid  is  difTolved  in  a liquid,  which  is  called  its  msnjlrmm , in  confequence  of  a mutual  attra&ion  equal  on 
both  hides  between  the  parts  of  the  folid  and  the  parts  of  the  liquid. 

6.  The  compound  which  refults  from  the  combination  of  two  or  more  bodies,  is  of  a different  temperature 
from  thofe  of  the  ingredients  ; which  fadt  can,  frequently,  be  difcovered  by  means  only  of  the  thermometer. 

7.  Two  or  more  bodies  united,  in  confequence  of  the  attraction  of  compohtion,  form  a compound,  having 
properties  very  different  from  thofe  which  each  of  the  bodies  poffeffed  previoufly  to  their  union. 

Thus,  bodies  which  poffefs  remarkable  fapidity,  form  a compound  that  is  nearly  infipid  ; or  that  differs  ma- 
terially in  quality  and  degree  from  thofe  which  the  bodies  feparately  pofTefTed.  Others  inconiiderably  fapid  form 
a compound  that  is  highly  corrofive. 

In  confequence  of  chemical  combination,  the  forms  of  bodies  are  aflfedled.  Bodies  which  feparately  are  not 
fufceptible  of  crydallization,  form  a compound  which  affumes  a regular  figure.  Others  vice  verfa. 

The  fame  caufe  affedts  the  confidence  of  bodies.  Thus  two  fluids,  in  confequence  of  chemical  combination, 
appear  under  a folid  form. 

In  the  compound,  the  capacity  of  emitting  odours,  is  different  from  that  of  the  ingredients.  Bodies  which  are 
remarkably  odorous,  form  a compound  that  is  almod  without  fcent.  Others  vice  verfa. 

Their  difpofition  to  fufibility  is  altered.  Thus  bodies,  which  do  not  admit  ealily  of  fufion,  become,  in  a (late 
of  chemical  combination,  extremely  fufible.  See  table  of  heat,  p.  126.  Art.  lead/bifmuth,  and  tin. 

8.  The  attradlion  of  compofition  is  meafured  by  the  difficulty  with  which  a combination,  formed  between  tire 
two  bodies,  is  deflroyed. 

9.  Every  fubdance  has  its  peculiar  affinities  with  the  various  other  fubdances  prefented  to  it.  If  all  bodies 
had  the  fame  degree  of  affinity  with  each  other,  no  change  could  take  place  amongd  them  ; we  fhould  not  be  able 
to  difplace  any  principle  by  prefenting  one  body  to  another.  It  is  in  confequence  of  this  .difference  in  the  affini- 
ties that  all  chemical  decompofitions  are  effedted  : all  the  operations  of  nature  and  art  are  founded  upon  it.  Hence 
arife  the  terms  fimple  affinity  ; double  affinity,  Sec.  (1)  Two  principles  united,  and  then  feparated  by  means  of  a 
third,  afford  an  example  of  fimple  affinity  ; it  confids  in  difplacing  one  principle  by  the  addition  of  a third.  The 
body  difengaged  is  called  the  precipitate  ; — the  fubdancs  ufed  to  feparate  the  compound,  is  called  the  precipitant. 
An  alkali  precipitates  metals  from  their  folutions.  Sometimes  the  new  compound  itfelf  is  precipitated,  as  when 
the  vitriolic  acid  is  poured  on  a folution  of  the  muriate  of  lime.  At  other  times  the  difengaged  body,  and  the 
new  compound,  are  precipitated  together,  as  when  Epfom  fait  is  diffolved  in  water,  and  precipitated  by 
means  of  lime  water.  (2)  It  often  happens  that  the  compound  of  two  principles  cannot  be  dedroyed 
either  by  a third,  or  a fourth  body  feparately  applied  : but  if  thefe  two  bodies  be  united,  and  then  brought 
into  contadt  with  the  fame  compound,  a decompofition  will  take  place.  This  phenomenon  conditutes  the 
double  affinity.  Vitriolated  tartar  is  not  completely  decompofed  by  nitric  acid,  or  by  lime,  when  either 
of  thefe  principles  is  feparately  prefented;  but  if  the  nitric  acid  be  combined  with  lime,  this  nitrate  of  lime 
will  decompofe  the  vitriolated  tartar.  Elere  the  affinity  of  the  vitriolic  acid  with  the  alkali  is  weakened  by  its  af- 
finity to  the  lime.  (3)  There  are  cafes  in  which  two  bodies,  having  no  perceptible  affinity  to  each  other,  obtain 
a difpofition  to  unite  by  the  intervention  of  a third  ; this  is  called  the  affinity  of  an  intermedium.  An  alkali  is  the 
intermedium  of  union  between  oil  and  water  ; hence  the  theory  of  waffiing,  &c. 

to.  The  phenomena  of  crydallization  are  refolvable  into  this  attraction.  Bodies  put  on  a crydalline  form, 
in  confequence  of  their  particles  joining  together  at  the  proper  furfaces,  by  means  of  a tendency  which  they  have 
to  unite  in  this  manner,  preferably  to  any  other.  In  order  to  difpofe  a fubdance  to  crydallization,  it  is  necedary 
to  reduce  it  to  the  mod  complete  date  of  divifion  ; which  may  be  effected  by  folution,  or  by  an  operation  purely 
mechanical.  Solution  may  be  effected  by  water,  as  in  the  cafe  of  falts  ; or  by  fire,  as  in  the  cafe  of  metals  : the 
folution  is  not  complete  until  a degree  of  heat  is  applied,  of  fufficient  intenfity,  to  convert  them  into  a (fate  of  gas. 

Nature  and  art  prefent  crydals  both  regular  and  irregular.  In  order  to  procure  regular  and  well  formed  crys- 
tals by  art,  three  circumdances  are  required,  time,  /pace,  and  repofe.  Time  caufes  the  abundant  fluid  to  be  diffipat- 
ed,  and  brings  the  integral  parts  nearer  to  each  other.  Space  is  a necedary  condition  to  prevent  the  operations 
of  nature  from  being  redrained.  A Jlate  of  repofe  is  necedary  to  obtain  very  regular  forms;  without  this  con- 
dition the  crydallization  obtained  will  be  confided  and  indeterminate. 

A very  lingular  property  is  obfcrvable  in  falts,  which  may  be  referred  to  crydallization,  but  is  likewife,  in 
fome  mcafure,  remote  from  it,  becaufe  it  docs  not  depend  upon  the  fame  caufcs.  This  is  the  property  of  rifing 
along  the  fide6  of  the  veffels  which  contain  the  folution.  It  is  known  by  the  name  of  faline  vegetation  ; and  de- 
pends on  the  concurrence  of  air  and  light.  The  efFedt  may  be  determined,  at  pleasure,  towards  any  part  of  the 
vefTel,  by  managing  and  directing  the  adtion  of  thefe  two  agents. 
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The  principal  agent  employed  by  nature  to  balance  the  power  of  attraftion,  is  fire.  By  the  natural  effeft  of 
attraction  we  ihould  poffefs  none  but  folid  and  compact  bodies  : but  the  caloric,  unequally  difperfed  in  bodies, 
tends  to  dedioy  this  adhefion  of  particles.  Hence  the  various  fubdances  that  compofe  this  globe  are  fubjedt,  on 
the  one  hand,  to  a general  law  which  tends  to  bring  them  together  : and  on  the  other,  to  a powerful  agent  which 
tends  to  remove  them  from  each  other  : upon  the  refpeftive  energy  cf  thefe  two  forces,-  the  confidence  of  all 
bodies  depends.  When  the  attraction  prevails,  they  are  in  a folid  Hate  ; when  the  caloiic  is  mod  powerful,  they 
are  in  a date  of  gas  ; and  the  liquid  form  appears  to  be  the  point  of  equilibrium  between  thefe  two  powers. 

On  this  fubjeCt  two  things  are  to  be  confidered,  viz.  heat  and  light. 

First.  Concerning  heat,  which  in  common  language  has  a double  fignification.  It  is  ufed  indiferiminately 
to  exprefs  a fenfation  of  the  mind  ; and  an  unknown  principle,  which  is  the  exciting  caufe  of  that  fenfation. 
Philofophers  ufe  it  in  the  latter  fenfe.  The  effects  of  heat  are  known  and  meafivred  ( i ) by  the  peculiar  fenfationsr 
which  ir  excites  in  animals  : and  when  confidered  as  exciting  thofe  fenfations,  it  is  called  fenfble  heat.  (2)  Heat 
is  known  by  the  effect  it  produces  on  the  thermometer.  This  is  called  the  temperature  of  heat  in  bodies.  (3)  It 
is  found  by  experiment  that,  in  bodies  of  different  kinds,  the  quantities  of  abfolute  heat  may  be  unequal,  thought 
the  temperatures  and  weights  be  the  fame. 

SECT.  I. — Of  the  Transmission  of  Heat. 

I.  Heat  has  a conflant  tendency  to  diffufe  itfelf  over  all  bodies,  till  they  are  brought 
to  the  fame  temperature. 

Thus  it  is  found,  by  the  thermometer,  that  if  two  bodies,  of  different  temperatures,  are  mixed  together,  0? 
placed  contiguous,  the  heat  pafles  from  one  to  the  other  till  their  temperatures  become  equal  ; and  that  all 
immimate  bodies,  when  heated,  and  placed  in  a cold  medium,  continually  lofe  heat,  till  they  are  brought  to  the 
(fate  of  the  furrounding  medium. 

1.  In  homogeneous  bodies  of  the  fame  temperature,  the  quantity  of  heat  is  as  the  quantity  of  matter. 

2.  The  temperature  of  two  equal  homogeneous  bodies,  immediately  after  mixture,  is  the  arithmetical  mean 
between  their  refpeClive  temperatures  previoufly  to  mixture. 

3.  In  a mixture  of  homogeneous  bodies  of  unequal  weights,  the  excefs  of  the  hotter  body  is  divided  between 
them  in  the  proportion  to  their  quantities  of  matter. 

This  rule  does  not  hold  good  in  heterogeneous  bodies. 

Exp.  If  equal  bulks  of  mercury  and  water  be  mixed  together,  and  the  water  be  the  hotter  body  ; the  water, 
in  order  to  bring  about  a common  temperature,  gives  out  only  -f  of  its  excefs,  which  railes  the  mercury  y of  the 
fame  fum  : if  mercury  be  the  hotter  body,  it  communicates  y of  its  excefs  while  the  water  is  raifed  -f  of  that 
funi.  Hence  it  follows  that  the  heat  neceflary  to  raife  a given  bulk  of  water  to  any  degree  of  temperature,  is  ta 
that  neceffary  to  raife  an  equal  bulk  of  mercury  to  the  fame,  in  the  ratio  of  y : y,  or  of  2 : i.-  And  the  fpecific 
gravity  of  mercury  being  to  that  of  water  as  14  : x,  it  follows,  that  the  heat  neceffary  to  raife  a given  weight  of 
water  to  a certain  temperature,  will  be  to  that  neceffary  to  raife  an  equal  •weight  of  mercury  to  the  fame  tempera- 
ture, in  the  ratio  of  28  : 1.  Confequently,  the  comparative  heat  of  equal  bulks  of  water  and  mercury  is  as  2 : 1 y 

but  in  equal  •weights , it  is  as  28  : 1.  ...  r.  . 

Hence  we  difeover  the  quantities  of  abfelute  heat  contained  in  different  bodies,  which,  when  compared  with 
the  abfolute  heat  of  water,  as  a dandard,  is  called  their  comparative  heat.  On  this  principle  tables  of  the  com- 
parative heat  of  bodies  are  condruided.  See  Dr.  Crawford’s  valuable  work  on  animal  heat. 

Def.  V.  The  capacity  of  a body  for  heat  is  its  difpofition  to  require,  or  to  give  out 
more  or  lefs  heat  in  undergoing  equal  changes  of  temperature. 
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The  body,  therefore,  which  has  the  lefs  capacity  for  containing  heat,  has  its  temperature  more  increafed  by 
the  addition  of  a given  quantity  of  abfolute  heat  than  that  which  has  a greater. 

■ 

II.  The  capacity  for  heat,  in  any  body,  is  found  to  vary  under  the  different  Hates 
of  aggregation  in  which  it  is  found.  It  is  leaft  in  folid  bodies,  greater  in  liquid,  and 
greateft  of  all  in  aeriform  fubftances. 

The  capacity  for  containing  heat  may  continue  unchanged  while  the  abfolute  heat  is  varied  without'  end.  If  a 
pound  of  ice  be  fuppofed  to  retain  its  folid  form,  the  quantity  of  its  abfolute  heat  will  be  altered  by  every  in- 
creafe  or  diminution  of  its  fenfibie  heat  ; but  as  long  as  its  form  continues  the  fame,  its  capacity  for  receiving 
heat  is  not  affcdted  by  an  alteration  of  temperature. 

When  bodies  chemically  combine,  the  capacity  of  the  compound  is  not  made  up  of  the  capacity  of  the  principles'. 


SECT.  II. — Of  the  Action  of  Heat  upon  Bodies. 

Heat  expands  bodies  according  to  all  their  dimenfions. 

This  is  known  by  experiment,  to  which  however  there  are  exceptions,  but  not  fuch  as  to  afford  a juft  obje&ion' 
to  the  general  faift ; becaufe,  in  thofe  inftances,  by  the  a&ion  of  heat,  a fluid  is  extricated  that  previoufly  feparat- 
ed  the  particles  from  each  other.  Bodies  are  expanded  lead:  in  the  folid  (late,  more  in  the  liquid  date,  and  mod 
in  an  aeriform  one.  In  fome  bodies,  as  mercury,  linfeed  oil,  and  rectified  fpirits,  the  expanlions,  within  certain 
limits,  are  proportional  to  the  quantities  of  abfolute  heat  communicated  to  them  : tliefe  limits  are  near  the  point3 
of  congelation  and  evaporation.  Thus  the  quantity  of  heat  required  to  raife  a body  four  degrees  in  temperature 
by  the  mercurial  thermometer,  is  double  that  which  is  required  to  raife  it  two  degrees,  four  times  of  that  required 
to  raife  it  one  degree,  and  fo  on  in  proportion. 

The  tranfmilfion  of  heat,  and  its  power  of  expanding  bodies  in  all  their  dimenfions,  are  the  principles  upon  which 
thermometers  are  conftrufted.  See  p.  125. 

The  objeflionS  to  the  univerfality  of  this  law,  are,  ( 1 ) water  contracts  till  it  has  funk  to  within  8°.  of  the  freez- 
ing point  ; it  then  dilates.  This  difficulty  may  be  refolved  by  the  laws  of  cryftallization,  which  will  explain  the 
phenomena  of  the  burfting  of  water-pipes,  loofe  pavements,  See.  (2)  Call-iron  expands  as  it  cools.  This  ob- 
jection is  obviated  on  the  fame  principle  as  the  lafl,  viz.  the  difpofition  of  its  particles  to  unite,  fo  as  to  give  the 
niafs  a certain  peculiar  configuration.  (3)  The  contraftiort  of  clay,  upon  which  depend  Mr.  Wedgewood’s  ther- 
mometers, arifes  from  the  action  of  the  heat  on  the  moilture  which  is  expelled,  and  not  upon  the  particles  of  the 
clay  themfelves. 

SECT.  III. — Of  Heat  as  the  Caufe  of  the  feveral  Changes  in  the  Forms  of  Bodies. 

I.  Heat  is  contained  in  conliderable  quantities  in  all  bodies,  when  at  the  common 
temperature  of  the  atmofphere. 

In  the  year  1780,  at  Glafgow,  the  thermometer  funk  250.  below  tire  beginning  of  Fahrenheit’s  feale.  In  the 
deferts  of  Siberia,  during  an  intenfe  froft,  the  mercury  was  found  congealed  in  thermometers  expofed  to  the  at- 
mofphere, and  a quantity  of  that  fluid,  in  an  open  bowl,  placed  in  a fimilar  lituation,  at  the  fame  time,  became  folid. 
Experiments  made  at  Hudfon’s  Bay  fhew  that  the  freezing  point  of  mercury  is  very  nearly  4c0.  below  the  zero 
of  Fahrenheit.  Hence  it  follows,  that  the  atmofphere  in  Siberia  mull  have  been  cooled  to  minus  40°.  It  is 
alfo  manifell,  that  heat  is  contained  in  confiderable  quantities  in  all  bodies,  when  at  the  common  temperature  of 
the  atmofphere. 

II.  Heat  changes  the  forms  of  bodies. 

It  converts  folids  into  liquids  ; and  liquids  into  vapours,  or  into  permanently  elaffic  fluids.  The  liquid,  and 
vaporous  forms  of  bodies,  are  brought  about  in  the  fame  way  with  expanfion,  being,  in  faft,  only  higher  degrees 

of 
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of  it,  A different  principle  feems  to  take  place  in  the  aeriform  ftate  : the  particles  appear  to  be  thrown  into  cer- 
tain  fpheres,  in  which  they  are  fixed  by  fome  other  force  than  that  pf  heat.  Thefe  they  do  not  quit  in  any  de- 
gree of  cold  that  has  yet  been  produced. 

Hence  all  bodies  in  nature,  are  either  folid,  liquid,  or  in  a date  of  elaftic  aeriform  vapour,  according  to  the  de- 
gree of  heat  to  which-  they  are  expofed. 

III.  Every  body  which  pafles  from  the  folid  to  the  liquid  date  abforbs  a portion  of 
heat  which  is  no  longer  fenfible  to  the  theirnometer,  but  exilts  in  a true  (late  of  combi- 
nation ; and  is  called  latent  heat- 

Exp.  t.  If  a pound  of  water  at  32°.  be  mixed  with  an  equal  quantity  of  the  lame  fluid  at  172°.  the  temper- 
ature of  the  mixture  will  be  102°.  which  is  the  arithmetical  mean  between  the  heat  of  the  warm  water  and  of  the 
cold. 

2.  If  a pound  of  ice  at  32°.  be  mixed  with  a pound  of  water  at  172°.  the  temperature  of  the- mixture  will  be 
320. — In  the  firft  experiment  a quantity  of  heat,  which  raifed  the  thermometer  70°.  pafled  from  the  warm  water 
into  the  cold,  by  which  the  temperature  of  the  cold  water  was  increafed  70°.  But  in  the  laft  experiment,  a quan- 
tity which  raifed  the  thermometer  140°.  pafled  from  the  warm  water  into  the  ice,  in  confequence  of  which  the  ice 
was  melted,  but  its  fenfible  heat  was  not  increafed.  Whence  it  follows,  that  in  the  melting  pf  ice,  140°.  of  heat 
5,re  ab  for  bed,  which  produce  r*o  effect  upon  the  thermometer. 

3.  A thermometer  plunged  into  a veflfel  filled  with  pounded  ice,  will  defcend  to  32p.  If,  then,  the  veflel  be 
immerfed  in  boiling  water,  the  thermometer  will  not  rife  during  the  whole  time  of  the  liquefaftion  of  the  ice. 

4.  Dr.  Black  found  that  a piece  of  ice,  fufpended  in  a warm  room,  took  upwards  of  five  hours  to  liquefy,  dur- 
ing which  time  a dream  of  cold  air  continued  to  flow  from  it.  Had  the  heat  which  v/as  communicated  to  it,  by 
the  fucceflive  portions  of  air  whicli  pafled  over  it,  not  been  abforbed,  but  employed  in  making  it  fenfibly  hotter,  its 
temperature  would,  at  the  end  of  the  time,  have  exceeded  that  of  red  hot  iron. 

Hence  the  reafon  why  ice  and  fnow  continue  in  their  folid  (late  fo  long  after  the  temperature  of  the  atmofphere 
has  rifen  confiderably  above  the  freezing  point. 

Cold  is  produced  in  the  diffolution  of  all  cryftallifed  falts.  Mr.  Walker,  an  ingenious  gentleman  of  Oxford, 
in  the  years  1787  and  1788,  communicated  to  the  Royal  Society  the  refult  of  many  accurate  experiments  on 
this  fubjed.  The  following  mixtures  produced  the  greateft  degrees  of  cold. 

r.  Three  parts  of  ftrorig  fuming  nitrous  acid  diluted  with  water  in  the  proportion  of  2 to  1 by  weight,  well 
mixed  and  cooled  to  the  temperature  of  the  air  ; 4 parts  of  Glauber’s  falts  ; nitrous  ammoniac  3^  parts  ; each 
reduced  fepargtely  to  fine  powder.  The  Glauber’s  fait  is  to  be  added  to  the  diluted  acid,  the  mixture  well  ftirred, 
and  immediately  afterward  the  powdered  ammoniac,  again  flirring  the  mixture.  In  thefe  kind  of  experiment? 
the  falts  {hould  be  procured  as  dry  and  traniparent  as  poflible. 

6.  Eighteen  ounces  of  concentrated  nitrous  acid  diluted  with  water  in  proportion  pf  2 p i : Glauber’3  fait 
24  ounces  ; fal  ammoniac  12  ounces.  On  adding  the  Glauber’s  fait  to  the  diluted  acid,  the  thermometer  fell 
from  50°.  to — 1°.  and  on  adding  the  ammoniac  it  fell — 90.  that  is  full  6o°. 

7.  Mr.  Walker  effe&ed  the  congelation  of  quickfilver  by  a combination  of  this  mixture  with  fnow  and  ice. 
When  he  began  his  experiment,  the  temperature  of  the  mercury  was  45°.  fo  that,  the  freezing  point  of  that 
metal  being  —39°.  there  was  produced  84°.  of  cold.  This  gentleman  has,  however,  frozen  mercury  without 
the  aid  of  either  ice  or  fnow. 

8.  The  greateft  degree  of  cold  which  Mr.  Walker  has  produced  was  by  repeating  an  experiment  firft  made 
by  Mr.  Lowitz  of  Peterfburg.  By  inftantaneoufly  mixing  four  parts  of  fixed  fal  ammoniac,  reduced  to  powder 
with  three  parts  of  light,  dry,  and  frefh  fnow,  the  thermometer  was  funk  — 48°.  but  upon  mixing  the  fame  articles 
previoufly  cooled  by  art  to  — 40°.  the  thermometer  funk  to  63°.  below  o. 

Equal  parts  of  fal  ammoniac  and  nitre  in  powder,  make  a cheap  and  convenient  compofition  for  producing 
cold  by  a folution  in  water  ; it  will  freeze  water  and  cream  at  Midfummer.  See  Phil.  Tranf.  1787,  1788. 

IV.  The  heat  which  liquids  abforb,  when  they  acquire  a fluid  form,  is  again  fepa- 
jr^ted  from  them  when  they  return  to  a folid  (late. 
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Exp.  i.  If  a pound  of  water  at  320.  be  mixed  with  an  equal  quantity  of  ice  at  4°.  nearly  -f  of  the  water 
Will  be  frozen,  and  the  temperature  of  the  mixture  wiil  be  3 2°.  In  this  experiment  the  ice  is  raifed  from  40. 
to  the  freezing  point  : it  is  therefore  evident,  that  by  the  congelation  of  nearly  f of  a pound  of  water,  a quantity 
of  heat  is  evolved,  fufficient  to  raife  a pound  of  ice  28°.' 

2.  Fahrenheit  expofed  fome  water  in  a beer  glafs,  perfectly  at  reft,  to  an  atmofphere  that  was  io°  below  the 
freezing  point.  The"  water  funk  down  to  the  temperature  of  the  air,  and  retained  its  fluid  form.  Upon  agitating 
the  veffel,  the  water  immediately  congealed  into  a fpongy  kind  of  fubftarice,  in  which  that  which  remained  fluid 
became  entangledj  and  the  whole  rofe  £6:  the'  freezing  point.  Here  it  is  evident,  that  the  portion  which  became' 
fylid  gave  off  a quantity  of  heat,  fufficient  to  raife  the  whole  to  the  freezing  point. 

V.  All  bodies,  by  palling  from  the  fluid  ftate,  to  the  aeriform,  abforb  heat,  which 
is  again  given  out  when  they  recover  their  liquid  hate.- 

Exp.  1.  If  a veffel  of  water  be  taken  at  456.  or  50°.  and  heat  be  applied,  it  will  reach  the  boiling  point  in  £ 
of  an  hour.  If  the  communication  of  fenfible  heat  were  all  that  was  neceffary  to  evaporation,  the  whole  might 
b'e  expected  immediately ' to  evaporate  ; a confiderable  time,  however,  is  neceffary  to  bring  this  about,  which  mutt' 
be  owing,  to  the  great  heat  that  it  requires  to  aflume  the  vaporous  ftate. 

2.  A veffel  containing  a few  ounces  of  water  at  540.  was  expofed  to  fuch  heat  as  made  it  boil  in  4-f  minutes, 
but  it  took  more  than  20  minutes  wholly  to  evaporate.  The  heat  was  afeertained  to  flow  into  it  in  the  fame 
proportion  during  the  laft  15^  as  during  the  44-  flrft  minutes,  but  was  neither  fenfible  in  the  water,  the  veflel,  or 
the  vapour  : it  was  then  abforbed  as  neceffary  to  the  vaporous  form. 

3.  A bottle  clofely  corked  was  raifed  feveral  degrees  above  the  boiling  point  ; but  being  fuddcnly 
opened,  a fmall  portion  of  it  only  flew  off  in  the  form  of  vapour,  and  the  refidue  funk  immediately  to  the  boiling1 
points 

4.  Water  in  Papin’s  digefler  was  heated  up  to  4006.  the  lid  being  fuddenly  removed,  a great  quantity  of 
fleam  ruffied  out  with  much  violence,  carrying  fome  of  the  water  along  with  it  ; but  the  greater  part  of  the  water 
remained  in  the  veffel,  and  funk  down  all  at  once  to  2 1 2. 

5.  Water  and  other  liquors  ufed  for  drink,  in  hot  climates,  are  put  into  porous  veffels,  and  being  wrapped  up 
in  wet  cloths,  are  expofed  to  the  fun,  or  to  a current  of  warm  air,  by  which  means  the  enclofed  liquor  is  prefently 
cooled.' 

6.  A thermometer  taken  out  of  water,  and  expofed  to  air,  always  defeends.  It  afterwards  rifes  till  it  has 
acquired  the  temperature  of  the  atmofphere  ; but  the  time  of  defeending  is  lefs  than  that  which  it  employs  to  rife 
again.  It  never  rifes  to  the  common  temperature  till  its  bulb  is  dry. 

7.  A thermometer  fufpended  in  the  receiver  of  an  air-pump,  defdends  two  or  three  degrees  dtirino  the  time 
of  exhauflion,  and  afterwards  lifes  to  the  temperature  of  the  vacuum, 

8.  A thermometer  plunged  in  alkohol,  in  the  receiver  of  an  air-pump,  defeends,  and  the  lower  in  proportion' 
as  the  bubbles  are  ftronger  which  iffafc  from  the  alkohol.  If  it  be  withdrawn  from  this  liquor,  and  fufpended  wet 
beneath  the  receiver,  it  falls  feveral  degrees  while  the  air  is  exhaufting. 

?•  If  the  bulb  of  a thermometer  be  wrapped  in  fine  linen,  and  kept  moift  by  ether,  and  the  evaporation  be 
facilitated  by  the  agnation  of  the  air,  the  thermometer  will  defeend  to  the  freezing  point. 

Hence  perfpiration  produces  a certain  degree  of  cold.  Workmen  employed  in  glafs-houfes,  foundaries,  See.  live 
in  a medium  much  hotter  than  their  own  bodies,  the  natural  temperature  of  which  is  equalized  by  perfpiration. 

Hence  almoft  all  fevers  end  in  perfpiration,  thereby  carrying  off  the  matter  of  heat. 

From  the  confideration  of  the  foregoing  experiments,  particularly  the  2d  and  9th,  Dr.  DarVvin  was  led  to 
fufpetf,  that  elaftic  fluids,  if  mechanically  expanded,  would  attract  or  abforb  heat  from  bodies  in  their  vicinity  • 
and  that  if  mechanically  condenfed,  the  fluid  matter  of  heat  would  be  preffed  out  of  them,  and  difftife  itfelf  among- 
adjacent  bodies.  s 

To  afeertain  thefe  fadts  he  made  the  following  experiments. 

Exp.  x.  The  blaft  fiom  an  air-gun  was  repeatedly  thrown  on  the  bulb  of  a thermometer,  and  it  uniformly 
funk  the  mercury  about  2 . The  air-gun,  before  it  was  difeharged,  was  left  in  the  vicinity  of  the  thermometer, 
«n  order  that  it  might  loie  the  heat  acquired  in  the  a$  of  charging. 
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2.  A thermometer  was  To  applied  to  the  receiver  of  the  air-gun  that  a continued  ftream  of  air  might  pafs 
over  the  bulb  at  the  time  of  its  expanfion,  which  funk  the  thermometer  from  50.  to  70.  This  experiment  was 
repeated  four  times. 

During  the  aft  of  condenfing  the  air  into  the  receiver,  there  was  confiderable  heat  generated  in  that  end  of 
the  fyringe  next  the  air-globe,  and  the  globe  itfelf  became  hotter  than  could  have  been  expefted  from  its  contaft: 
with  the  fyringe.  In  exploding  an  air-gun,  the  ftream  of  air  always  becomes  viiiblc,  owing  to  the  cold,  then  pro- 
duced, precipitating  the  vapour  which  it  contained. 

3.  A thermometer  was  placed  in  the  receiver  of  an  .air-pump,  and  the  air  being  haftily  exhaufted,  the  mer- 
cury funk  20.  -or  30.  and  after  fome  minutes  regained  its  previous  height.  This  appears  to  arife  from  the  abforp- 
tion  of  heat  from  the  mercury  by  the  expanfion  of  the  air.  Both  during  the  exhauftion,  and  re-admiflion  of  the 
air,  a fteam  was  regularly  condenfed  on  the  infide  of  the  glafs  which  in  a few  minutes  was  abforbed.  The  fteara 
mult  have  been  precipitated,  by  being  deprived  of  its  heat  by  the  expanded  air. 

4.  Similar  to  tbefe  experiments  is  the  phenomenon  obferved  in  what  is  called  the  fountain  of  Hiero,  con- 
ftrufted  on  a very  large  fcale,  in  the  mines  of  Hungary.  In  this  machine  the  air  is  compreffed  by  a column  of 
water  260  feet  high.:  a ftop-cock  being  opened,  the  air  rufhes  out  with  great  violence,  and  in  conference  of  its 
previous  condenfation  becomes  very  much  expanded,  and  the  moifture  it  contained  is  not  only  precipitated,  as 
in  the  exhaufted  receiver,  but  falls  down  in  a fhower  of  fnow  with  icicles  adhering  to  the  cock. 

Hence  Dr.  Darwin  concludes,  that  in  all  circumftances  of  the  mechanical  expanfion  of  air,  the  air  becomes 
capable  of  abforbing  the  caloric  from  bodies  in  contaft  with  it.  This  principle  the  doftor  extends  ( 1 ) to  account 
for  the  continual  changes  of  the  atmofphere.  (2)  To  account  for  the  coldnefs  .of  the  higher  regions  of  the 
atmofphere  ; and  for  that  degree  of  cold  which  is  experienced  at  the  tops  of  high  mountains,  and  which  renders 
them  regions  of  perpetual  froft  and  fnow.  The  Andes,  almoft  under  the  line,.refts  its  bafe  on  burning  fand  ; about 
its  middle  height  is  a mod  pleafmt  temperate  climate,  covering  an  extenfive  plain,  on  which  is  built  the  city  of 
Quito  ; — while  its  forehead  is  encircled  with  eternal  fnow,  coeval,  perhaps,  with  the  elevation  of  the  mountain. 
Bee  Phil.  Tranf.  1787. 

Shccnjjly.  Concerning  light;  the  phyfical  properties  of  which  having  been  amply  dife  lifted  in  a former 
pattof  this  work,  we  ftiall  only  notice,  in  this  place,  a few. of  thofe  operations  of  nature  which  feem  to  depend 
upon  its  influence.  Vegetation  cannot  proceed  without  light.  Plants  deprived  of  this  fluid  become  pale  ; and 
when  placed  in  lituations  in  which  the  light  can  come  to  them  from  one  part  only,  they  are  obferved  to  incline 
towards  that  part,  fhewing,  thereby,  the  peceflity  which  they -have  for  this  beneficial  fluid.  Without  die  influence 
of  light,  vegetables  would  exhibit  but  one  lifelefs  colour  ; on  this  principle,  celery,  endive,  and  other  plants,  are 
bleached.  Vegetables  are  not  only  indebted  to  the  light  for  their  colour,  but  likewife  for  their  iinell,  tafte,  coq- 
buftibility,  and  the  refmous  principle  which  equally  depend  upon  it.  Hence  aromatic  fubftan.ces,  refins,  volatile 
oils.  See”,  are  the  inheritance  of  fouthern  climates,  where  the  light  is  more  pure,  conftant,  and  intenfe.  Hence 
alfo  the  nations  of  the  eaft  obtain  from  the  wood,  bark,  or  roots  of  trees,  many  of  the  moil  valuable  colouring 
matters  both  for  permanency  and  luftre  which  all  the  ingenuity  of  European  dyers  has  never  been  able  to  imitate. 
Vegetables,  expofed  to  the  fun’s  rays,  emit  vital  air  in  confiderable  quantities  ; and  may,  perhaps,  be  confidered 
as  the  apparatus  adapted  to  take  from  the  rays  of  the  fun,  or  from  the  fluid  matter  of  light,  thofe  principles  on 
which  animal  life  chiefly  depends. 

Of  the  influence  which  folar  rays  have  upon  colour,  animals  afford  inftances,  fuch  as  worms  and  grubs,  which 
live  in  the  earth  or  in  wood,  and  are  of  a whitifh  colour.  Birds  and  flying  infefts  of  the  night  are  likewife  dif- 
tinguifliable  from  thofe  of  the  day  by  the  want  of  brilliancy  of  colour  : and  the  difference  is  equally  marked 
between  thofe  of  northern  and  fouthern  climates. 

Light  difengages  vital  air  from  feveral  fluids,  fuch  as  the  nitric  and  oxigenated  marine  acid.  It  reduces  the 
calxes  of  gold,  ftlver,  &c.  Light,  likewife,  determines  the  phenomena  of  vegetation  exhibited  by  faline  folutions. 
See  the  conclufion  of  Chap.  I. 

Hence  then  we  may  conclude,  with  M.  Lavoifier,  that  organization,  fenfation,  fpontaneous  motion,  and  life; 
exift  only  at  or  very  near  the  furface  of  the  earth;  and  in  places  to  which  light  is  acceflible. 
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Of  PERMANENTLY  ELASTIC  FLUIDS,  Or  AlRS. 

SECT.  I. — Of  Airs  in  general , and  of  the  Apparatus  ifed  in  this  Department  of  Science. 

The  different  airs  with  which  we  are  now  acquainted  are  generally  denominated  gafes.  By  the  French  cbemifb 
thefe  gafes  are  confidered  as  differing  only  from  liquids  and  folids  by  their  containing  a greater  quantity  of  heat ; 
fo  that  to  reduce  a fubftance  to  a date  of  gas  confids  only  in  diffolving  it  in  the  matter  of  heat  or  caloric. 

Caloric  combines  with  various  bodies,  with  greater  or  lefs  facility  ; feveral,  at  the  common  temperature  of  the 
atmofphere,  are  condantly  in  the  date  of  gas  ; — others  pafs  to  that  date  at  fome  degrees  higher,  which  are  called 
evaporable  fubdances. 

The  various  dates  under  which  bodies  prefent  themfelves  to  our  eyes  depend,  as  has  been  fhewn,  almod  wholly 
upon  the  different  degrees  of  caloric  with  which  thefe  fame  bodies  are  combined.  All  bodies  are  capable  ofpaff- 
ing  to  a gafeous  date,  by  means  of  caloric,  the  quantity  of  which  is  governed,  ( i ) By  the  affinity  of  aggregation 
which  oppofes  a new  combination.  (2)  By  the  weight  of  the  condituent  particles  which  render  their  volatiliza- 
tion more  or  lefs  difficult.  (3)  By  the  attraction  between  the  caloric  and  folid  body. 

All  bodies,  whether  folid  or  liquid,  when  they  are  volatilized  by  heat,  appear  either  in  a date  of  'vapour , or  in 
that  of  gas.  In  the  former  cafe,  thefe  fubdances  quickly  lofe  the  caloric  which  raiftd  them  to  that  date.  But 
in  the  latter,  the  combination  with  the  volatilized  fubdance  is  fuch  that  the  ordinary  temperature  of  the  atmofphere 
is  infufficient  to  overcome  the  union. 

It  has  been  obferved,  that  die  fame  body  becomes  folid,  or  fluid,  or  aeriform,  according  to  the  quantity  of 
caloric  by  which  it  is  penetrated  ; or  according  as  the  repulfive  force  exerted  by  the  caloric  is  equal  to,  dronger, 
or  weaker,  than  the  attraction  of  the  particles  of  the  body  it  aCts  upon.  If,  however,  thefe  two  powers  only  ex- 
ided,  bodies  would  become  liquid  at  an  indiviflble  degree  of  the  thermometer,  and  would  almod  indantaneotifiy 
pafs  from  the  folid  date  of  aggregation  to  that  of  aeriform  eladicity.  Thus  water,  at  the  moment  when  it  ceafed 
to  be  ice,  would  begin  to  boil,  and  would  be  transformed  into  an  aeriform  fluid.  That  this  does  not  happen, 
mud  depend  on  the  action  of  fome  third  power,  which  is  no  other  than  the  preffure  of  the  atmofphere,  which 
caufes  the  water  to  remain  in  a liquid  date  till  it  be  railed  to  the  temperature  of  2120.  the  quantity  of  caloric  in 
the  lower  temperatures  being  infufficient  to  overcome  the  preffure  of  the  atmofphere. 

Whence  it  appears,  that  without  this  atmofpheric  preffure  we  ffiould  have  no  permanent  liquid,  nor  even  any 
aeriform  fluids,  becaufe  the  moment  the  force  of  attraction  was  overcome  by  the  repulfive  power  of  the  caloric, 
the  particles  would  feparate  themfelves  indefinitely,  having  nothing  to  give  limits  to  their  expanflon,  unlefs  their 
own  gravity  might  colled  them  together.  The  truth  of  thefe  pofitions  will  be  made  evident  by  the  following 
experiment.  Having  filled  a fmall  narrow  glafs  veffel  with  ether,  and  having  properly  fccured  it  from  evaporation 
by  a double  piece  of  wet  bladder  ; place  it  under  the  receiver  of  an  air-pump,  and  exhaud  the  air  ; then,  by 
means  of  a ffiarp  pointed  wire,  let  the  bladder  be  burd.  The  ether  will  immediately  boil  with  great  violence,  and 
be  changed  into  an  eladic  aeriform  fluid,  which  fills  the  receiver.  If  the  quantity  of  ether  be  diffident  to  leave  a 
few  drops  in  the  phial  after  the  evaporation  is  finiffied,  the  eladic  fluid  produced  will  fudain  the  mercury  in  the 
barometer  attached  to  the  air-pump,  at  eight  or  ten  inches  in  winter,  and  from  twenty  to  twenty-five  in  dimmer. 
If  a thermometer  be  introduced  intothe  phial,  containing  the  ether, it  will  defeend  condderablyduringthe  evaporation. 

In  this  experiment  the  weight  of  the  atmofphere,  which,  in  its  ordinary  date,  pieffes  on  the  furface  of  the 
ether,  is  taken  away,  and  the  effeCts,  refulting  from  this  removal,  evidently  prove,  that,  in  the  common  tempera- 
ture of  the  earth,  ether  would  always  exiff  in  an  aeriform  date,  but  for  the  preffure  of  the  atmofphere. 

The  fame  experiment  fucceeds  with  all  evaporable  fluids,  fuch  as  alkohol,  water,  and  even  mercury  ; with 
this  difference,  that  the  atmofphere  formed  in  the  receiver  by  the  alkohol  only  fupports  the  attached  barometer 
about  one  inch  in  winter,  and  about  four  or  five  in  dimmer  : that  formed  by  water,  in  the  fame  dtuation,  raifes 
the  mercury  only  a few  lines,  and  that  by  quickfilver  but  a few  fraftions  of  a line. 

The  method  of  making  experiments  with  permanently  eladic  fluids,  or  gafes,  though  Ample,  requires  fome 
defeription.  Wc  live  immerfed  in  an  atmofphere  not  greatly  differing  in  denfity  from  thefe  fluids,  which  are  not, 
for  that  reafon,  diffidently  ponderous  to  be  detained  in  open  vcflels  by  their  weight.  Their  remarkable  levity, 
however,  affords  a method  of  confining  them  by  means  of  other  denier  fluids.  Dr.  Priedley,  whole  labours  in 
this  department  of  fcience  have  fo  far  exceeded  thofe  of  his  prcdeccffors,  and  contemporaries,  both  in  extent  and 
importance,  that  he  has,  with  great  judice,  been  confidered  the  father  of  this  branch  of  natural  philofophv,  makes 
ufe  of  the  following  apparatus.  B A, 
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A,  reprefents  a wooden  tub,  K,  K,  is  a fhelf  fixed  in  the  tub.  [Plati*  i 3.  Fig.  17.]  When  this  apparatus  is 
ufed,  the  tub  is  to  be  filled  with  water  to  fuch  an  height,  as  to  rife  about  one  inch  above  the  upper  furface  of 
the  fhelf.  B,  G,  F,  are  glafs  jars,  inverted  with  their  mouths  downwards,  reding  upon  the  fhelf.  If  thefe,  or 
any  other  veffe’s,  open  only  at  one  end,  be  plunged  under  water,  and  inverted  after  they  are  filled,  they  will 
remain  full,  provided  their  mouths  be  kept  immerfed.  For  in  this  cafe  the  water  is  fuftained  by  the  preffure  of 
the  atmofphere  on  the  fame  principle  as  the  mercury  in  the  barometer- 

If  common  air,  or  any  other  fluid  refembling  common  air  in  lightnefs  and  elafticity,  be  differed  to  enter  thefe 
veffels,  it-mud,  from  its  levity,  rife  to  the  upper  part,  and  the  water  will  fubfide.  Let  a bottle,  cup,  &c.  in 
that  date  which  is  ufually  called  empty,  be  plunged  into  the  water  with  its  mouth  downwards,  and  but  little 
water  will  enter,  owing  to  the  eladicity  of  the  included  air  ; if  the  veffel  be  now  turned  up,  it  immediately  fills, 
and  the  air  efcaping  rifes  in  one  or  more  bubbles  to  the  furface.  Suppofe  this  operation  to  be  performed  under 
one  of  the  jars  which  ate  filled  with  water  : the  air  will  afcend  as  before,  but,  indead  of  efcaping,  it  will  be: 
detained  in  the  upper  part  of  the  jar.  When  the  receiving  veffel  has  a narrow  neck,  the  air  may  be  poured, 
through  a glafs  funneL 

C is  a glafs  veffel  whofe  bottom  is  blown  very  thin,  that  it  may.fupport  the  heat  of  a candle,  or  fpirits  of  win® 
lamp,  fuddenly  applied,  without  cracking.  [Plate  13.  Fig.  17.]  In  its  neck  is  fitted  a tube  D,  curved  nearly 
in  the  fliape  of  an.  S._  This  kind  of  velfel  is  very  ufeful  in  various  chemical  operations,  for  which  reafon  it  will' 
be  convenient  to  have  them  of  feveral  fizes.  In  the  figure  the  veffel  C is  repr.efented  as  containing  a fluid  in  the  • 
aft  of  combining  with  afubdance  that  gives  out  air,  which  pafles  through  the  tube  into  the:  jar  B,  under  whofe  mouth 
the  oth.er  extremity  of  the  tube  is  placed  by  means  of  a fmall  hole  in*  the  fhelf. 

At  E is  a fmall  retort  of  glafs,.  or  earthen  ware,  whofe  neck  being  plunged  in  the  water,  beneath  the  jar  F,  is< 
fuppofed  to  emit  the  eladic  fluid,  extricated  from  the  contents  of  the  retort,  which  is  received  in  the  jar. 

In  order  to  expel  air  from  folid  fubdanees  by  means  cf  heat,  a gun-barrel,  with  the  touch-hole  ferewed  up  and 
rivetted,  may  be  ufed  indead  of  an  iron  retort.  The  fubjeft  may  be  put  into  the  chamber  of  the  barrel,  and  the. 
red  of  the  bore  may  be  filled  with  dry  fandthat  has  been  well  burned*  to  expel  whatever  air  it  might  have  contain- 
ed. The  dem  of  a tobacco-pipe,  or  a fmall  glafs  tube,  being  luted  in  the  orifice  of  the  barrel,  the  other  extremity 
mud  be  put  into  the  fire  that  the  heat  may  expel  the  contents.  This  air  will  of  courfe  pafs  through  the  tube,  and  - 
may  be  received  under  an  inverted  veffel  in  the  manner  already  deferibed. 

A more  accurate  method  of  procuring  air  from  feveral  fubdanees,  by  means  of  heat,  is  to  put  them,  if  they, 
will  bear  it,  into  phials  of  qyiickfilver,  .with  the  mouths  inverted  in  the  fame,  and  then  throw  the  focus  of  a burning, 
lens,  or  mirror,  upon  them.  . 

Many  kinds  of  air  eafily  combine  with  water,  and  therefore  require  to  be  treated  in  an  apparatus  in  which  mer- 
cury is  made  ufe  of  indead  of  water. 

When  trial  is  to  be  made  of  any  kind  of  air,  whether  it  be  fit  for  maintaining  combudion,  the  air  may  be  put  in. 
a long  narrow,  glafs  veffel,  whofe  mouth  being  carefully  covered  maybe  turned  upward.  A bit  of  wax  candle.- 
being  fadened  to  a wire,  which  is  fo  bended  as  that  the  flame  of  the  candle  may  be  uppermod,  is  to  be  let  down, 
into  the  veffel,  which  mud  be  kept  covered  till  the  indant  of  plunging  the  lighted  candle  in  the  air. 

Where  the  change  of  dimenfions,  which  follows  from  the.  mixture  of  feveral  kinds  of  air  is  to  be  afeertained, 
a graduated  narrow  veffel  AB  may  be  made  ufe  of.  [Plate  13.  Fig.  16.]  The  graduations  may  be  made  by 
pouring  in  fucceffive  equal  meafures  of  water  into  this  veffel,  and  marking  its  furface  at  each  addition.  The 
meafure  may  be  afterwards  ufed  for  the  different  kinds  of  air,  and  the  change  of  dimenfions  will  be  (hewn  by  the 
rife  or  fall  of  the  mercury,  or  water  in  the.  tube  AB.  The  purity  of  common  air  being  determinable  by  the 
diminution  produced  by  the  addition  of  nitrous  air,  (hereafter  to  be  deferibed)  thefe  tubes  have  been  called 
'ud'tomelers.  For  the  conftruftion  of  feveral  other  kind  of  eudiometers,  fee  Cavallo  on  Air. 

The  procefs  of  impregnating  water  with  any  aerial  fluid  with  which  it  will  combine,  does  not  require  any; 
particular  apparatus, .but  may  be  performed  with  utcnfils  every  where  to  be  met  with.  Water  may  be  impregnated 
with  fixed  air  in  the  following  manner.  A quart  bottle  C is  filled  with  water,  and  inverted-  into  the  bafon  F,. 
which  likewife  contains  fome  water.  [Plate  13.  Fig.  18.]  The  inverfion  is  eafily  made,  without  the  lofs 
of  any  of  the  contents  of  the  bottle,  by  covering  the  orifice  with  a card  to  be  withdrawn  after  immerfion.  A. 
•S  a half  pint  phial,  into  which  fome  broken  pieces  of  marble  or  chalk  are  put  ; and  upon  them  is  poured- as  much 
vitriolic  acid,  diluted  with  water,  as  may  fill  the  bottle  about  two-thirds.  B is  a bladder,  whofe  neck  is  tied  fall- 
round  a perforated  cork  of  a tapering  figure.  After  the  effervefcence  has  begun,  the  cork  is  to  be  thruft  into  the 
neck  of  the  phial  A,  the  bladder  being  previoufly  emptied  by  preffure.  Fixed  air  will  efcapefrom  the  chalk,  and. 
inflate  the  bladder.  When  this  lafl  is  full,  it  mull  be  difengaged  from  the  bottle,  and  the  bended  tube  E mud- 
be  thruft  into  the  orifice  of  its.  cork.  The  aperture  of  the  tube  being  then  placed  beneath  the  mouth  of  the  bot». 
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tie  C,  it  is  eafy  to  difcharge  the  aerial  contents  of  the  bladder  of  preffure  into  this  lad.  By  agitating  of  the  bot- 
tle C,  without  withdrawing  its  neck  out  of  the  water,  the  abforption  takes  place  in  a few  feconds.  Two  or  three 
repetitions  of  this  procefs,  impregnates  the  water  fo  fully  that  it  will  abforb  no  more  in  this  kind  of  way.  The 
Pyrmont  water  is  of  this  kind. 

■SECT.  II. Of  INFLAMMABLE  Alft. 

This  gas  is,  by  the  French  chemifts,  termed  hydrogenous  gas,  from  the  fuppofition,  that  its  bafe,  which  they 
call  hydrogene,  is  one  or  the  conflituent  principles  of  water.  Its  property  of  burning,  in  conjundion  with  refpira-- 
ble  air,  has  caufed  it  to  be  diftinguiflied  by  the  name  of  inflammable  air.  It  may  be  extracted  by  means  of 
heat,  from  all  bodies  in  which  it  is  a conflituent  part,  but  the  pureft  is  faid  to  be  that  which  is  afforded  by  the  de- 
compofition  of  water.  For  this  purpofe,  diluted  vitriolic  acid  is  poured  upon  iron,  orzinc,  the  water  which  ferves 
as  a vehicle  for  the  acid  is  decompofed  on  the  metal,  with  which  its  oxigene*  combines,  while  die  inflamma- 
ble air  efcapes.  Water  may  be  decompofed  by  throwing  it  upon  iron  ftrongly  heated  ; and  inflammable  air  is  ob- 
tained by  catifing  water  to  pafs  through  an  iron  tube  ignited  to  whitenefs.  It  fhould  be  obferved,  that  the  two 
parties  into  which  chemifls  are  divided  do  not  agree  in  their  theories  on  thefe  fads  ; the  one,  with  Dr.  Prieflley 
at  their  head,  contends  that  the  air  comes  from  the  metal  ; the  other,  that  it  is  really  a conflituent  part  of  the  wa- 
ter. Inflammable  air  may  be  obtained  in  conflderable  quantities  from  all  ponds,  and  other  ftagnant  waters.  The 
method  is  as  follow's  r — Fill  a wide-mouthed  bottle,  (a  common  bottle  with  a funnel  will  anfwer  the  fame  end) 
and  keep  it  inverted  in  the  pond  ; then  ftir,  with  a flick,  the  mud  at  the  bottom  juft  under  the  inverted  bottle,  fo 
as  to  let  the  bubbles  of  air  which  come  out  of  the  mud  enter  the  bottle,  which  air  is  inflammable.  The  bottle 
niuft  be  well  flopped,  or  corked,  while  under  water,  after  -it  may  be  conveyed  to  any  diftance  •:  it  will  be  the 
fafeft  way  to  carry  it  in  an  inverted  pofition,  on  account  of  the  levity  of  the  air. 

The  properties  of  inflammable  gas,  are,  i.  It  has  a difagreeable  {linking  odour.  When  it  isextraded  over 
mercury,  it  has  fcarcely  any  fmell.  It  contains  half  its  weight  of  water,  and  lofes  its  fmell  the  moment  it  is  de- 
prived of  this  additional  fubftance.  The  volume  of  gas  is  -fth  larger  when  received  over  water,  than  when  re- 
ceived over  mercury.  Hence  it  appears,  that  the  offcnilve  ftnell  of  this  gas  arifes  only  from  the  water  it  holds 
in  folution. 

2.  Inflammable  air  is  not  proper  for  refpiration.  Birds,  fucceflively  placed  in  a veflel  of  this  gas,  died  with- 
out producing  the  fmalleft  change  in  the  gas  itfelf.  From  fome  experiments  made  by  M.  Chaptal,  he  concludes, 
that  inflammable  air,  though  unfit  for  the  purpofts  of  refpiration,  is  not  a poifon  : for  he  refpired  feveral  times  the 
fame  volume  of  this  air,  without  injury,  and  without  any  change  in  the.gas.  He  confiders  the  lungs  as  an  organ 
which  is  nouriftied  by  the  air,  digefts  that  which  is  prefented  to  it,  retaining  the  beneficial,  and  rejeding  the  nox- 
ious parts. 

q.  Inflammable  air  is  not  combuftible  alone.  If  a phial  filled  with  this  gas  be  reverfed,  and  a lighted  taper 
be  prefented  to  it,  the  gas  will  burn  at  the  furface  where  it  is  in  contad  with  the  atmofpheric  air,  but  the  candle 
is  extinguifhed  the  moment  it  is  plunged  lower.  Hence  the  reafon  of  the  following  phenomenon  : — If,  in  hot 
climates,  the  mud  at  the  bottom  of  a pond  be  well  ftirred,  and  immediately  after,  a lighted  candle  is  brought  to 
the  furface  of  the  water,  the  inflammable  air  taking  fire,  a flame  is  inftantly  fpread  over  the  furface  of  the  pond. 
Hence  alfo  feveral  meteors  feen  in  the  atmofphere  ; — ignes  fatui  ; — falling  ftars,  &c.  have  b.jen  ftifpeded  to  be 
the  effeds  of  inflammable  air  fired  by  eledricity. 

4.  Inflammable  air  is  about  1 2 times  lighter  than  common  air  ; but  its  fpecific  gravity  varies  according  to  its  purity, 
and  the  fubftances  from  which  it  is  obtained.  This  levity  has  induced  fome  philofophers  to  prefume  that  inflammable 
air  ought  to  arrive  at,  and  occupy  the  fuperior  parts  of  our  atmofphere.  Upon  this  fuppofition,  the  moll  brilliant 
conjedurcs  have  been  made  refpeding  the  influence  which  a ftratum  of  this  gas,  predominating  over  the  reft  of  the 
atmofphere,  ought  to  produce  in  meteorology.  This  continual  lofs  of  matter  is  not  agreeable  to  the  wife  econo- 
my of  nature.  Befldes,  this  gas,  during  its  afeent  in  the  air,  combines  with  other  bodies,  efpecially  the  purer  parts 
of  the  atmofphere,  and  water  and  odreT  produds  are  the  refult. 

Hence  the  theory  of  air  balloons.  In  order  that  a balloon  may  rife  in  the  atmofphere,  it  is  fufficient  that  the 
weight  of  the  balloon  itfelf,  and  the  air  which  it  enclofes,  fhould  he  lefs  than  that  of  an  equal  bulk  of  atmofpheric 
air,  and  then,  by  a well  known  property  of  fluids,  it  mull  rife  till  its  weight  is  in  equilibrio  with  an  equal  volume 
•of  fur  rounding  air. 

5.  Inflammable  air  exhibits  various  charadcrs,  according  to  its  degree  of  purity,  and  the  nature  of  the  fub- 
ftances  with  which  it  is  mixed.  That  afforded  by  vegetables  contains  aerial  acid,  or  fixed  air,  and  oil.  That 
of  matlhes  is  mixed  with  a greater  or  lefs  quantity  of  aerial  acid.  Its  colour  varies  alfo  according  to  its  mixtures. 

B 2 * 6.  It 
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6.  It  will  diffolve  fulphur,  and  thus  form  hapatic  gas  ; the  principal  properties  of  this  gas,  are,  (i.)  It  is  im- 
proper for  refpiration.  (2.)  It  renders  white  metals  black.  (3.)  It  imparts  a green  colour  to  the  fyrup  of  vio- 
lets. (4.)  It  burns  with  a blue  flame,  and  depofits  fulphur  in  combuftion.  (5.)  It  mixes  with  the  vital  air  of  the 
atmofphere,  and  forms  water,  while  the  fulphur  is  precipitated.  (6.)  It  impregnates  water,  and  is  fparinply  folu- 
ble  in  the  fluid. 

7*  The  air  which  burns  at  the  furface  of  certain  fprings,  and  forms  what  is  known  by  the  name  of  burning 
fprings,  confiits  of  inflammable  air  holding  phofphorus  in  folution. 

SEC  T.  III. Of  DEPHLOGISTICATED  or  VITAL  AlR. 

This  air  is  called,  in  the  new  nomenclature  of  Lavoifler,  oxigene,  or  oxigenous  gas.  It  was  firft  difcovered 
by  Dr.  Prieftley  on  the  firfl  of  Auguft,  1774,  and  called  by  him  dephlogifticated  air.  A few  months  after,  and 
without  any  communication  with  Dr.  Prieftley,  it  was  difcovered  by  Mr.  Sclieele,  of  Sweden,  who  called  it  em- 
pyreal air. 

There  is  no  place  yet  difcovered  upon  the  furface  of  the  earth,  where  vital  air  is  found  naturally  like  inflam- 
mable air  ; but  it  may  be  obtained  from  feveral  fubftances,  and  by  various  procefles.  Pure  vital  air  may  be  ob- 
tained by  the  expofure  of  nitre  to  a ftrong  degree  of  heat.  About  1200  cubic  inches  of  this  air  may  be  obtain- 
ed from  a pound  of  this  fait.  All  the  metallic  calxes,  when  moiftened  with  nitrous  acid  and  heated,  yield  vital 
air.  An  ounce  of  red  precipitate  affords  about  a pint  meafure  of  this  gas.  All  the  mineral  acids  have  vital  air 
for  their  bafe,  and  fome  of  them  yield  it  freely.  Vegetables,  expofed  to  the  light  of  the  fun,  emit  vital  air,  and  the 
quantity  thus  obtained  is  in-  proportion  to  the  vigour  of  the  plant,  and  the  brilliancy  of  the  light. 

Exp.  Enclofe  three  or  four  cabbage -leaves,  taken  frefli  from  the  plant,  in  a glafs  receiver  filled  with  water, 
and  inverted  in  a veffel  of  the  fame  fluid,  and  let  the  whole  be  expofed  to  the  rays  of  the  fun.  Small  bubbles  of 
air  will  be  formed  on  the  leaves,  and  detaching  themfelves,  rife  to  the  upper  part  of  the  veflel  and  difplace  the 
water. 

Vegetation  inceflantly  repairs  the  confumption  of  vital  air.  The  plant  abforbs  the  atmofpherical  azote,*  and 
emits  vital  air.  Man,  on  the  contrary,  is  kept  alive  by  the  vital  air,  and  emits  the  azote.  Hence  it  appears, 
that  the  animal  and  vegetable  kingdoms  labour  for  each  other,  and  that  by  this  reciprocity  of  fervices  the  atmof- 
phere is  continually  repaired,  and  an  equilibrium  maintained  between  its  conftituent  principles. 

I.  The  influence  of  the  folar  light  has  the  property  of  decompofmg  certain  fub- 
ftances, and  thereby  difengaging  this  gas. 

Exp.  A bottle  of  oxigenated  muriatic  acid  expofed  to  the  light  of  the  fun,  fuffers  all  its  fuperabundant  oxi-. 
gene  to  efcape.  The  fame  acid  expofed  to  the  fun  in  a bottle  wrapped  in  black  paper,  fuffers  no  change.  The 
nitric  acid  likewife  affords  vital  air,  when  expofed  to  the  light  of  the  fun,  whereas  heat  alone  volatilizes  it  with- 
our  decompofition.  The  muriate,  or  marine  fait  of  filver,  placed  under  water,  and  expofed  to  the  fun,  emits  vi- 
tal air.  So  alfo  ■will  red  precipitate.. 

II.  Vital  air  may  be  obtained  by  difengaging  it  from  its  bafes  by  means  of  the  vit- 
riolic acid. 

Exp.  Take  the  phial  C,  into  which  put  an  ounce  or  two  of  manganefe,  formed  into  a liquid  pafte  with  vit- 
riolic acid.  [Plate  13..  Fig.  17.]  Then  place  it  under  the  fhelf,  as  in  the  figure,  and  apply  a lighted  wax 
taper,  or  live  coal,  to  the  lower  part  of  the  phial,  and  vital  air  will  be  immediately  difengaged. 

This  air  poflefles  properties  which  vary  according  to  the  feveral  fubftances  from  which  it  is  obtained.  That 
which  is  got  from  the  calx  of  mercury,  almoft  always  holds  a fmall  quantity  of  that  metal  in  folution.  Mr.  Chap- 
tal  was  witnefs  to  its  having  produced  a fpeedy  falivation  on  two  perfons  who  ufed  it  for  diforders  of  the  lungs. 

That  which  is  extracted  from  plants  is  thought  not  to  be  equally  pure  with  that  afforded  by  the  metallic  calxes. 

I have,  however,  feen  vital  air,  extracted  by  Dr.  Ingenhouz,  from  frefii  gathered  cabbage-leaves,  with  which  he 
performed  feveral  brilliant  experiments.  The  Do<5bor  threw  away  the  air  which  was  generated  during  the  firft  15 
or  20  minutes.  That  which  was  afterwards  produced,  poffefled  very  great  purity  ; but  from  whatever  fubftanc» 
it  is  obtained,  its  general  properties  are  the  following  : 

t.  The  fpecific  gravity  of  vital  air,  is  to  that  of  atmofpherical  as  1 1 to  lo. 


* See  Se&ion  VI. 
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2.  It  is  the  only  fluid  proper  for  combuflion,  which  was  the  reafon  why  Mr.  Scheele  called  it  the  air  ofjire . 
The  four  following  principles  are  confidered  as  incontellable  refults  of  known  faCts.  ( 1.)  Combuftion  never  takes 
place  without  vital  air.  (2.)  In  every  combuftion  there  is  an  abforption  of  vital  air.  If  phofphorus,  or  fulphur, 
be  burned  in  very  pure  vital  air,  the  whole  of  it  will  be  abforbed.  When  the  comtmftion  is  effected  in  a mixture 
of  feveral  gafes,  the  oxigene  alone  is  abforbed,  and  the  others  remain  unchanged. 

Exp.  The  combuftion  of  fulphur,  or  phofphorus,  may  be  thus  effected  : AB  is  a bell-glafs  filled  with  vital 
air,  (landing  in  the  vefiel  CD,  which  contains  mercury.  [Plate  13.  Fig.  20.]  F is  a fmall  (land,  upon  the  • 
top  of  which,  E,  may  be  placed  fome  fulphur,  or  phofphorus,  conveyed  under  the  glafs  through  the  mercury. 
By  means  of  the  lens  G,  about  3 inches  in  diameter,  the  fubftance  is  eafily  inflamed  by  the  heat  from  the  rays  of 
the  fun.  During  the  combuftion,  there  is  a confiderable  abforption  of  vital  air  ; and  when  phofphorus  is  the  fub- 
ftance ufed,  the  whole  infide  of  the  bell-glafs  becomes  covered  wish  light  flakes  of  concrete  phofphorie  acid. 

The  combuftion  of  phofphorus  fucceeds  equally  well  in  atmofpheric  air,  only  that  it  goes  on  much  (lower,  and 
the  abforption  is  but  about  •ftli  part  of  the  gas  employed.  (3.)  There-  is  an  increafe  of  weight  in  the  products 
of  combuftion  equal  to  the  weight  of  the  vital  air  abforbed. 

Exp.  During  the  calcination  of  metals,  an  abforption  of  vital  air  takes  place,  and  an  increafe  of  weight  in  the 
metal,  equal  to  the  weight  of  air  abforbed.  Thus,  if  the  metal  to  be  calcined  be  placed  in  a fmall  porcelain  cup 
on  the  (land  FE,  under  the  glafs  receiver  AB,  filled  with  air,  in  the  bafon  of  mercury  DC,  and  the  focus  of  the 
burning-glafs  G be  made  to  fall  upon  the  metal  ; in  a few  minutes  calcination  takes  place,  a part  of  the  vital  air 
is  combined  with  the  metal,  and  a proportional  diminution  of  the  volume  of  air  is  produced  ; that  which  remains 
is  azotic  gas,  mixed  with  a fmall  quantity  of  vital  air.  [Plate  13.  Fig.  20.] 

When  pure  vital  air  is  ufed,  its  weight  may  be  afcertained,  and  alfo  the  weight  of  the  metal  both  before  and 
after  calcination,  and  it  will  be  found  that  during  the  experiment,  the  metal  has  increafed  in  weight  equal  to  the 
quantity  of  air  abforbed. 

The  experiment  of  Dr.  Ingenhouz,  defcribed  below,  is  a true'  calcination  of  iron.  (4.)  In  all  combuftion 
there  is  a difengagement  of  heat  and  light  ; for  in  mod  cafes  of  this  kind,  the  oxigenous  gas  becomes  fix- 
ed and  concrete.  It  therefore  abandons  the  caloric  which  maintained  it  in  the  aeriform  ftate,  and  this  caloric, 
fet  at  liberty,  produces  heat,  and  endeavours  to  combine  with  the  fubftances  neareft  at  hand. 

This  difengagement  of  heat  is,  therefore,  a conftant  effect  in  all  cafes  wherein  vital  air  is  fixed  In  bodies  ; and 
it  follows  from  this  principle  : (1.)  That  heat  is  moll  eminently  refident  in  die  oxigenous  gas  which  maintained 
combuftion.  (2.)  That  the  more  oxigene  is  abforbed  in  a given  time,  the  ftronger  will  be  the  heat.  (3.)  The 
method  of  obtaining  the  moft  violent  heat  confifts  in  burning  bodies  in  the  pureft  air.  (4.)  That  fire  and  heat 
rauft  be  more  intenfe  in  proportion  as  the  air  is  more  condenfed.  (5.)  That  currents  of  air  are  neceffary  to  ex- 
pedite and  maintain  combuftion. 

Hence  the  theory  of  Argand’s  lamp.  This  lamp,  by  means  of  a thin  circular  wick,  through  the  middle  of 
which  a current  of  air  is  introduced  by  a funnel,  produces  a very  thin  flame,  and  confequently  expofcs  a veiy 
large  furface  of  the  oily  vapour  to  the  contaCt  of  the  air.  As  there  is,  however,  a ftrong  attraction  between  the 
particles  of  fire,  there  would  be  danger  of  the  flame  uniting  from  all  the  (Ides  of  the  lamp,  at  a certain  height  above 
the  funnel,  and  fo  forming  a conical  flame,  was  it  not  that  this  effeCt  is  prevented  by  a tube  of  glafs  with  which  the 
flame  is  furrounded,  and  which,  when  warmed,  counteracts  the  attraction  that  the  different  fides  of  the  circular 
flame  would  have  for  each  other,  and  fo  preferves  the  current  of  air  free  and  without  interruption. 

Exp.  1 . A profefior  of  Gottingen,  foldered  the  blade  of  a knife  to  a watch  fpring  by  means  of  oxigenous  gas. 
M.  Lavoifrer  has  fubjeCted  almoft  all  known  bodies  to  the  aCtion  of  fire  maintained  by  vital  air  alone,  and  produced 
effeCIs  fuperior  to  thofe  of  the  burning  glafs. 

2.  The  following  is  Dr.  Ingenhouz’s  elegant  experiment  upon  the  combuftion  of  iron.  Take  a piece  of  very 
fine  iron  wire  twifted  into  a fpiral  BC  ; fix  one  of  its  extremities  B,  into  a cork  A,  adapted  to  the  neck  of  the 
bottle  DEFG,  and  fix  to  the  other  extremity  of  the  wire  C a fma'l  morfel  of  tinder.'  [Plate  13.  Fig.  1 9. [J 
Then  fill  the  bottle  with  vital  air,  and  lighting  the  tinder,  introduce  it  quickly  into  tire  bottle,  which  you  flop  with 
tire  cork  A.  The  inftant  the  tinder  comes  into  contaCt  with  the  vital  air,  it  begins  to  burn  with  great  intenlity, 
and  communicating  the  inflammation  to  the  iron  wire,  it  alfo  takes  fire  and  burns  rapidly,  throwing  out  brilliant 
fparks,  which  fall  to  the  bottom  of  the  phial  in  round  globules.  This  experiment  I have  f requently  feen  perform- 
ed by  Dr.  Ingenhouz,  with  the  vital  air  obtained  from  cabbage-leaves. 

3.  The  light  of  glow-worms  is  fo  bright  in  oxigenous  gas,  that  a fingle  infeCI  afiords  light  fufficient  to  read 
a print  of  a very  fmall  character. 

In  the  aCt  of  combuftion  there  are  three  ftates  in  which  bodies  appear  ; viz.  ignition,  inflammation,  and  deto- 
nation. (1.)  Ignition,  which  takes  place  when  the  combuftible  body  is  not  in  am  aeriform  ftate,  nor  fufeeptib'u. 
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-of  a (Turning  that  (late,  by  the  Ample  heat  of  combuftion.  This  happens  when  well  made  charcoal  is  burned. 
(2.)  W lien  the  combuflible  body,  in  the  form  of  vapour,  or  gas,  isprefented  to  pure  air,  the  refult  is flame  ; and 
the  flame  is  more  confiderable  -in  proportion  as  the  combultible  body  is  more  volatile.  The  flame  of  a candle  is 
kept  up  by  the  volatilization  of  the  tallow,  or  wax.  (3.)  Detonation  is  a fpeedy  and  rapid  inflammation  which 
occafions  a noife  by  the  inflantaneous  formation  of  a vacuum.  Mod  detonations  are  produced  by  the  mixture  of 
pure  and  inflammable  airs.  A very  (trong  detonation  may  be  produced  by  a mixture  of  one  part  of  vital  air,  and 
two  of  inflammable. 

Oxigenous  gas  is  the  only  gas  proper  for  refpiration,  which  entitles  it  to  the  name  of  vital  air.  It  has  been 
Jong  known  that  animals  cannot  live  without  the  help  of  air  ; but  the  phenomena  of  refpiration  were  but  imper- 
fetfly  underftood  till  the  prefent  age.  The  following  principles  may  be  confidered  as  well-eftablilhed  fads  : 

1 . No  animal  can  live  without  the  afliftance  of  air.  This  fad  is  univerfally  admitted. 

2.  All  animals  do  not  requite  the  fame  purity  in  the  air.  Birds,  men,  and  the  greateft  part  of  quadrupeds, 
require  a very  pure  air  ; but  thofe  animals  which  live  in  the  earth,  or  which  hide  themfelves  in  a (late  of  ftupefadion 
during  the  winter,  can  fubfift  by  means  of  a lefs  pure  air. 

3.  The  manner  of  refpiring  air  is  different  in  different  animals.  Amphibious  animals  refpire  by  means  of 
kings  ; (i flies  come  from  time  to  time  to  inhale  the  air  at  the  furface  of  the  water  ; when  they  fill  their  veficle, 
and  digeft  it  afterwards  at  their  eafe.  Refpiration  is  effeded  in  infeds  by  means  of  trachae  diffributed  along  the 
body.  Thefe  infeds  exhibit  feveral  very  evident  points  of  analogy  with  vegetables.  (1.)  Their  refpiratory  or- 
gans are  formed  in  the  fame  manner,  being  difpofed  through  the  whole  body  of  the  vegetable  and  animal.  (2.) 
Infeds  do  not  require  a great  degree  of  purity  in  the  air,  and  plants  are  nouriflied  with  atmofpherical  azote.  (3.) 
They  both  tranfpire  vital  air.  The  abbe  Fontana  difcovered  feveral  infeds  in  (lagnant  waters,  which  when  expofed 
to  the  fun  afforded  vital  air.  Dr.  Ingenhouz  found  the  green  matter,  which  is  formed  in  (lagnant  waters,  to  be 
a mafs  of  animalcula,  which,  when  expofed  to  the  fun,  aff  orded  a large  quantity  of  vital  air.  "(4.)  Infeds  afford, 
by  chemical  analyfes,  principles  fimilar  to  thofe  of  plants,  fuch  as  relines,  volatile  oils,  & c. 

Animals  with  lungs,  only  refpire  by  virtue  of  the  vital  air  which  furrounds  them  : any  gas  deprived  of  this  mix- 
ture becomes  immediately  unfit  for  refpiration.  From  a number  of  experiments  it  appears,  (1.)  That  an  animal 
lives  longer  in  vital  than  in  atmofpherical  air.  (2.)  That  an  animal  can  live  in  the  air  in  which  another  died. 
(3.)  That  independently  of  the  nature  of  the  air,  refped  muff  be  had  to  the  conftitution  of  the  animals.  (4.) 
That  there  is  either  an  abforption  of  air,  or  the  produdion  of  a new  kind  of  gas,  which  is  abforbed  by  the  water 
as  it  rifes. 

Exp.  Thefe  fads  may  be  afcertained  by  the  following  method  : In  the  bell-glafs  AB,  filled  with  vital  air, 
and  (landing  in  a veffel  of  water,  or  mercury,  DC,  introduce  a fmall  animal,  as  a moufe,  bird,  & c.  which  may 
be  done  without  injury  to  the  animal.  [Plate  13.  Fig.  20.]  Hence  may  be  afcertained  the  effeds  of  differ- 
ent kinds  of  air  upon  the  creatures  immerfed  ; the  quantity  of  air  abforbed  by  refpiration,  See.  & c. 

III.  It  remains  now  to  enquire,  what  are  the  changes  produced  by  refpiration.  i . In 
the  air.  2.  In  the  blood. 

1.  The  air  emitted  by  expiration,  is  a mixture  of  azotic  gas,  carbonic  acid,  and  vital  air.  If  the  air  which 
iflfues  from  the  lungs  be  made  to  pa(s  through  lime-water,  it  renders  it  turbid  ; if  it  is  received  through  tindure 
of  turnfole,  it  reddens  it  : and  if  a pure  alkali  be  fubftituted  inftead  of  the  tindure  of  turnfole,  it  becomes  effer- 
vefeent.  Frugivorous  animals  vitiate  the  air  lefs  than  carnivorous  animals.  A portion  of  air  is  abforbed  in  ref- 
piration, which,  by  the  experiments  of  M.  de  la  Metherie,  has  proved  to  be  about  360  cubic  inches  in  an  hour. 
This  fad  affords  a proof  of  the  facility  with  which  air  is  vitiated  by  refpiration,  when  it  is  not  renewed,  and  (hews 
why  the  air  of  crowded  places  is  fo  unwholefome. 

2.  The  fir (l  effed  which  the  air  appears  to  produce  upon  the  blood,  is  that  of  giving  it  a vermillion  colour. 
The  air  which  returns  from  the  lungs  is  of  a higher  colour.  Hence  arifes  the  great  intenfity  of  the  colour  of 
arterial  compared  with  venous  blood.  Dr.  Priellley  caufed  the  blood  of  a flieep  to  pafs  fucceflively  into  vital  air, 
common  air,  azotic  air,  See.  and  he  found  that  the  blacked  parts  affirmed  a red  colour  in  refpirable  air,  and  that 
the  intenfity  of  this  colour  was  in  proportion  to  the  quantity  of  vital  air  prefent.  The  iefult  of  many  experiments 
is,  that  the  vermillion  colour  of  blood  is  the  effed  of  the  contad,  abforption,  and  combination  of  pure  air  with  the 
blood. 

The  fecond  effed  of  refpiration  is,  to  edablifli  a real  focus  of  heat  in  the  lungs.  The  heat  in  each  clafs  of 
animals  is  proportioned  to  the  magnitude  of  the  lungs  ; for  there  is  an  abforption  of  vital  air  in  refpiration.  Rcf- 
piraticin  then  may  be  confidcrcd  as  an  operation,  by  means  of  which  vital  air  paffes  continually  from  the  gafeous 
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•o  the  concrete  (Tate  ; it  mud,  therefore,  at  each  indant  abandon  the  heat  which  held  it  in  folution,  and  in  the: 
date  of  gas.  This  heat,  produced  at  every  infpiration,  mud  be  proportioned  to  the  volume  and  activity  of  the 
lungs  ; to  the  purity  of  the  air  ; a-nd  the  rapidity  of  the  infpirations. 

The  neceflity  of  vital  air  in  refpiration,  enables  us  to  lay  down  pofitive  principles  for  purifying  the  corrupted 
air  of  any  given  place,  which  may  be  done,  ( I.)  By  correcting  the  vitiated  air  by  means  of  fubdances  which  are 
capable  of  leizing  the  noxious  principle.  (2.)  By  fubdituting  freffi  air,  by  means  of  ventilators,  &c.  (3.)  By 

introducing  a new  quantity  of  vital  air  into  the  vitiated  atmofphere.. . 

SECT.  IV. — Of  aerial  Acid,  or  fixed  Air. 

The  acid  which  is  known  by  the  names  of fixed  air,  aerial , or  carbonic  acid , is  found 
in  great  quantities  in  nature,  and  in  three  different  dates.  To  Dr.  Black  we  are  indebted 
for  the  principal  difcoveries  refpefting  this  gas. 

1.  It  is  found  in  a date  of  gas. — Fixed  air  being  confiderably  heavier  than  common  air,  occupies  the  lower 
parts  of  fuch  caverns,  See.  as  contain  materials  from  which  it  is  produced  by  decompofition.  On  account  of  its 
direful  effects,  it  has  been  called  by  miners  the  choke  damp.  In  this  date  it  is  found  in  the  Grotto  del  Cano,  near 
Naples,  which  has  been  long  famous  on  account  of  a.  dratum  of  fixed  air  which  covers  its  bottom,  into  which,  if 
a dog,  or  other  animal  that  holds  its  head  near  the  ground,  be  thrud,  it  is  immediately  fufFocated,  though  a man 
in  the  ereCt  podure,  may  venture  into  the  cave  with  fafety  : hence  the  origin  of  its  name.  This  gas  is  alfo  found 
upon  the  furface  of  the  lake  Averno,  in  Italy  ; on  the  furface  of  feveral  fprings,  and  in  feveral  fubterraneous 
places,  fuch  as  tombs,  cellars,  Sc'c.  It  is  difengaged  alfo  in  this  form  by  the  decompofition  of  vegetables  heaped 
together  ; by  the  putrefaction  of  animal  fubdances  ; it  is  alfo  emitted  in  large  quantities  by  bodies  in  a date  of  vinous 
fermentation  ; and  on  account  of  its  fpecific  gravity,  always  occupies  the  upper  part  of  the  veffels  in  which  the 
fermenting  procefs  is  going  on. 

Exp.  I.  A lighted  paper,  or  candle,  dipped  into  fixed  air,  is  immediately  extinguilhed  ; and  the  fmoke  rem  • 
ders  its  furface  vifible,  which  may  be  thrown  into  waves  by  agitation. 

2.  Water  immerfed  in  this  air,  and  brifldy  agitated,  foon  becomes  impregnated,  and  obtains  the  tade  of  Pyr- 
mont  water. 

3.  This  gas  may  be  poured  from  one  veiTel  to  another,  in  which  operation  a very  lingular  phenomenon  may  be 
obferved  : if  a candle,  or  fmall  animal,  be  placed  in  a deep  veffel,  the  former  is  extinguilhed,  and  the  latter  expires 
in  a few  feconds  after  the  fixed  air  is  poured  upon  them,,  though  the  eye  cannot  perceive  any  thing  that  is  tranf- 
ferred  from  one  veflel  to  the  other. 

When  fixed  air  exifts  in  a date  of  gas,  it  may  be  collected',  ( 1. ) By  filling  a bottle  with  water,  and  emptying 
it  into  the  atmofphere  of  this  gas.  (2.)  By  expofing  iime -water,  for  which  it  has  a great  attraction,  in  its  at- 
mofphere, the  gas  precipitates  the  lime,  and  combines  with  the  water,  fiom  which  it  may  afterwards  be  extracted. 

Ivom  the  eagernefs  with  which  lime-water  imbibes  fixed  air,  it  has  been  recommended  as  ufeful  in  purifying 
the  foul  air  in  hofpitals.  The  method  confids  Amply  in  placing  at  different  didances  in  the  hofpital  wards,  veffels 
with  lime-v/ater  for  the  purpofe  of  abforbing  the  fixed  air. 

The  following  experiment  has  been  lately  fuggeded  as  the  bed  means  of  afeertaining  the  quantity  of  fixed  air 
in  any  given  place. . 

Exp.  Take  two  phials  ; let  the  one  be  filled  with  common  water,  the  other  with  lime-water.  At  the  place 
where  you  wifli  to  examine  the  purity  of  the  air,  empty  the  phial  of  common  water,  then,  filling  it  half  full  of  lime- 
water,  and  corking  it,  lhake  the  phial  for  fome  time  : the  quantity  of  lediment  fliews  the  proportion  of  fixed  air. 

II.  Fixed  air  exids  in  a date  of  mixture,  as  in  certain  mineral  waters.  In  this  date  it  may- be  obtained, 
(1.)  By  agitating  the  liquid  which  contains  it  in  a bottle,  to  which  is  affixed  a moiflened  bladder.  (2.)  By  dif— 
dilation  of  the  fame  fluid.  (3.)  By  precipitating  the.  fixed  air  by  means  of  lime-water,  weighing  the  precipitate, 
and  deducting  y4-  parts  for  the  proportion  of  fixed  air  ; it  having  been  deduced  by  analylis,  that  32  parts  of  chalk 
contain  1 7 parts  of  lime,  2 of  water,  and  1 3 of  fixed  air. 

Iir.  Fixed  air  is  found  in  a date  of  combination.  It  compofes  about  one-third  of  the  weight  of'limc  done, 
marble,  and  fome  other  calcareous  earths. 

The  artificial  methods  of  obtaining  fixed  air  from  thofe  fubdances  in  which  it  exids  in  a date  of  combination, 
are  principally  three.  (1.)  By  fermentation.  Dr.  Hales  obtained  639  cubic  inches  of  fixed  air  from  42  cubic 
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inches  of  beer.  Mr.  Carendiflr  found  that  out  of  100  parts  of  dry  fugar,  57  were  converted  into  fixed  air. 
(2.)  Fixed  air  may  be  obtained  by  the  iimple  application  of  heat.  Dr.  Prieflley,  in  order  to  obferve  the  pro- 
portion of  fixed  air  contained  in  different  forts  of  wine,  filled  phials  with  feveral  fpecies  of  it,  and  then  plunged 
them  into  a veffel  of  water  fet  over  the  fire  to  boil,  receiving  the  gas  after  the  ufual  method,  into  a receiver  filled 
with,  and  inverted  in  a bafon  of  quickfilver.  (3.)  Fixed  air  in  the  (late  of  combination,  is  obtained  by  the 
fupcrior  affinity  of  fume  other  acid,  as  the  vitriolic  ; for  mod  of  the  acids  have  a dronger  addon  on  bodies  than  this. 

Exp.  1.  Put  fome  chalk  or  marble  grofsly  powdered  into  the  bottle  C,  and  pour  upon  it  fome  vitriolic  acid 
diluted  with  water,  in  proportion  of  about  4 parts  of  water  to  one  of  acid.  [Plate  13.  Fig.  17.]  The  mixture 
will  effervefce,  heat  will  be  produced,  and  fixed  air  will  be  copioufly  emitted,  which  palling  through  the  bended 
tube  will  go  into  the  bottle  B. 

2.  Mr.  Cavallo  gives  the  following  method  of  obtaining  fixed  air  in  confiderable  quantities.  In  the  bottle  C, 
mix  equal  parts  of  brown  fugar,  and  good  yead  of  beer,  to  which  add  about  twice  the  bulk  of  water.  This 
mixture  expofed  to  a degree  of  heat  not  exceeding  90°.  will  yield  fixed  air  plentifully. 

It  is  certain  that  fixed  air  is  an  acid  ; for  (1.)  The  tincture  of  turnfole,  agitated  in  a bottle  with  this  gas, 
becomes  red.  (2.)  Ammoniac,  or  volatile  alkali,  poured  into  a veffel  filled  with  this  gas,  becomes  neutralized. 
(3.)  Water  impregnated  with  this  gas,  is  flrongly  fub-acid.  (4.)  It  neutralizes  alkalies, and  caufes  them  to  cryffallize. 

The  properties  of  fixed  air,  are, 

1.  It  is  unfit  for  refpiration.  It  is  this  gas  which  produces  the  many  accidents  at  the  opening  of  cellars,  in 
places  where  wine,  cider,  or  beer  are  fuffered  to  ferment.  Birds  plunged  into  the  aerial  acid  gas,  fuddenly  periffi. 
The  famous  lake  of  Averno,  where  Virgil  placed  the  entrance  of  hell,  exhales  fo  large  a quantity  of  fixed  air, 
that  birds  cannot  fly  over  it  with  impunity.  Frogs  will  live  in  fixed  air  from  40  to  60  minutes,  by  fufpending 
their  refpiration.  Infects  become  torpid  after  remaining  a certain  time  in  this  air,  but  they  refume  their  livelinefs 
the  moment  they  are  expofed  to  the  free  atmofphere. 

2.  Fixed  air  is  improper  for  vegetation.  Dr.  Priedley  having  kept  the  roots  of  feveral  plants  in  water  im- 
pregnated with  fixed  air,  obfcrved  that  they  all  perifhed.  Plants  that  grow  in  water  {lightly  acidulated  with  this 
gas,  emit  a large  quantity  of  vital  air  ; for,  in  this  cafe,  the  acid  is  decompofed,  the  carbonaceous  principle 
combines  with  the  vegetable,  while  the  vital  air  efcapes.  Fungi,  formed  in  fubterraneous  places,  are  almod  wholly 
refolved  into  acid  ; but  if  thefe  vegetables  be  gradually  expofed  to  the  arflion  of  the  light,  the  proportion  of  the 
acid  diminifhes,  while  that  of  the  coaly  principle  augments,  and  the  vegetable  becomes  coloured. 

3.  Fixed  air  is  eafily  diffolvable  in  water.  Water  impregnated  with  this  gas  poffeffes  very  valuable  medicinal 
qualities.  A method  of  facilitating  this  mixture  has  been  already  mentioned  ; but  the  moll  approved  apparatus 
for  the  purpofe,  is  that  invented  by  Dr.  Nooth,  and  improved  by  Parker.  The  natural  acidulous  mineral  waters 
do  not  differ  from  thefe,  excepting  in  confequence  of  their  holding  other  principles  in  folution,  and  they  may  be 
perfectly  imitated  when  their  analyfis  is  known. 

4.  Fixed  air  is  heavier  than  the  common  atmofpheric  air  in  the  proportion  of  about  68  to  45.  This  weight 
caufes  it  to  occupy  the  lowed  fituations,  and  gives  it  the  property  which  has  been  delcribed,  of  being  poured,  like 
other  fluids,  from  one  veffel  to  another. 

5.  It  refills  putrefaftion.  Hence  it  is  that  fubdances  in  which  this  gas  abounds,  are  very  powerful  remedies 
in  ail  putrid  difeafes.  Sir  John  Pringle  fuppofed  that  the  frequent  ufe  of  fugar,  and  frelk  vegetables,  which  at  this 
time  make  up  a confiderable  part  of  the  diet  of  the  European  nations,  prevents  thofe  putrid  difeafes  and  plagues 
which  were  formerly  more  frequent.  Dr.  Macbride  aferibes  the  prefervation  of  the  body  from  putrefatfion,  in  a 
great  meafure  to  the  fixed  air,  which  in  the  ordinary  procefs  of  digedion  is  difengaged  lrorn  the  aliment,  and 
incorporates  with  the  fluids  of  the  body. 

SECT.  V. — Of  nitrous  Air. 

Nitrous  air,  though  in  fome  meafure  known  to  Dr.  Hales,  was  properly  difeovered  by  Dr.  Priedlev.  It  is  a 
permanently  cladic  fluid,  never  found  naturally  like  the  fixed  and  inflammable  airs,  but  is  entirely  artificial.  This 
fluid  is  difengaged  by  the  adtion  of  the  diluted  nitrous  acid  on  a great  number  of  combudiblc  bodies. 

All  metallic  fubdances,  excepting  gold,  plaitna,  and  regulus  of  antimony,  when  mixed  with  diluted  nitrous  acid, 
yield  nitrous  air.  Silver,  copper,  brafs,  iron,  mercury,  bifmuth,  or  nickel,  give  out  this  air  in  confiderable  quantities. 
Some  of  them,  as  mercury,  require  the  aid  of  heat ; as  the  flame  of  a candle,  in  order  to  produce  the  elaflic  fluid. 

Exp.  i.  Nitrous  air  is  obtained  by  putting  fome  fmall  pieces  or  filings  of  copper,  brafs,  &c.  in  the  bottle  C 
together  with  fome  diluted  nitrous  acid  ; the  proportion  of  acid  to  water  mud  be  as  1 to  2 or  3.  . [Plate  1 3-  ^ *£•  1 7' J 
The  fmell  of  nitrous  gas  is  very  penetrating  and  offenfiye  ; it  occalions  a red  fraoke  when  it  comes  into  conta 
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2.  Silver,  copper,  and  iron,  diflolved  in  equal  quantities  of  diluted  nitrous  acid,  yield  nitrous  gas  in  the  pro* 
portions  of  6,  6J,  and  8.  The  fame  proportions  mull:  be  obferved  in  regard  to  the  water  and  acid,  in  order 
that  the  diffolution  of  the  metal  may  be  effected  with  equal  rapidity,  filver  requiring  the  lead  water,  and  iron  the 
moft.  As  nitrous  air  is  chiefly  ufed  to  afeertain  the  purity  of  refpirable  air,  it  is  of  confequence  that  it  fhould  be 
always  of  one  degree  of  goodnefs  ; and  this  object  is  obtained  by  diflblving  fubftances  of  a homogenous  nature  in 
nitrous  acid  of  the  fame  degree  of  ftrength.  Metals,  therefore,  whofe  nature  is  moft  uniform,  muft  be  preferred 
for  this  purpofe.  Accordingly,  brafs  yields  nitrous  air  of  a more  uniform  nature  than  iron,  copper  is  fuperior  to 
brafs,  and  pure  mercury  is  ftill  fuperior  to  copper  ; and  upon  all  accounts  this  metal  feems  the  moft  proper  for  the 
purpofe. 

The  properties  of  nitrous  air  are  as  follows  : 

1.  The  moft  remarkable  property  of  this  kind  of  air  is,  the  great  diminution  of  any  quantity  of  refpirable  air 
with  which  it  is  mixed.  It  is  found  that  this  diminution  is  greater,  in  proportion  as  the  refpirable  air  is  better 
adapted  to  the  purpofes  of  combuftion  and  animal  life.  Hence,  then,  the  method  of  afeertaining  the  purity  of 
atmofpheric  air,  by  adding  to  a given  quantity  of  it,  an  equal  bulk  of  nitrous  air,  and  obferving  the  (pace  occupied 
by  both  after  the  mixture. 

Exp.  If  die  tube  AB  be  filled  two-thirds  with  utater,  and  one-third  with  the  air  to  be  examined,  and  then 
an  equal  bulk  of  nitrous  air  be  added  to  that  already  in  the  tube,  it  will  be  found  that  the  fpace  occupied  by  both 
after  mixture,  will  not  be  equal  to  the  fum  of  the  fpaces  occupied  by  both  airs  feparately.  [Plate  13*.  Fig.  16.] 
If  the  equal  meafures  of  common  and  nitrous  airs  be  diminiflied  x75  of  a meafure,  the  meafure  of  the  tejl  is  1.3, 
which  number  denotes  the  reduced  bulk  of  the  air  which  was  originally  two. 

Pure  vital  air  will  admit  of  the  addition  of  three  times  its  own  bulk  of  nitrous  air,  without  fenfibly  increafing 
the  lpace  which  it  occupies.  Thus  if  AB  be  -J  full  of  vital  air,  3 equal  meafures  of  nitrous  air  may  be  added 
without  any  vifible  augmentation  of  its  bulk. 

II.  Nitrous  air  poflefies  the  power  of  preferving  animal  fubftances  from  putrefaction,  and  feftoring  thofe  that 
are  already  putrid. 

Exp.  1.  Dr.  Prieftley  took  two  mice,  one  juft  killed,  and  the  other  foft  and  putrid,  and  put  them  both  into  a 
jar  of  nitrous  air  {landing  in  the  ufual  temperature  of  the  weather  in  the  months  of  July  and  Auguft  ; and  after  25 
days  he  found  both  the  mice  perfectly  fweet. 

2.  In  order  to  compare  the  anrifeptic  power  of  this  kind  of  air  with  that  of  fixed  air,  Dr.  Prieftley  examined  a 
moufe  which  he  had  enclofed  in  a phial  full  of  fixed  air  ; upon  the  opening  of  which,  about  a month  after,  he 
perceived  that  a large  quantity  of  putrid  effluvium  had  been  generated,  which  ruflied  out  of  the  phial  with  a fmeli1 
infufFerably  ofFenfive. 

Dr.  Prieftley  made  fome  experiments  with  a view  of  rendering  nitrous  air  advantageous  for  culinary  purpofes,' 
but  the  refult  did  not  anfwer  his  expectations.  See  Prieftley  on  Air,  Vol.  I.  p.  393 — 7.  Ann.  179c. 

III.  Nitrous  air  is  not  fit  for  the  purpofes  of  animal  or  vegetable  life.  Plants  die  very  foon  in  nitrous  ga<’- 
A moufe  dies  the  moment  it  is  put  into  nitrous  air ; but  frogs,  and  ftiails,  and  therefore  probably,  other  animals 
whofe  refpiration  is  not  very  frequent,  will  bear  being  expofed  to  it  a confiderab  e time,  though  they  die  at  length. 

From  the  fatal  effects  of  this  air  to  infeCts,  and  its  great  antifeptic  power,  Dr.  Prieftley  conjectured  that  it 
might  hereafter  be  ufed  in  medicine  by  way  of  clyfters,  as  deftruCtive  to  worms  of  all  kinds,  and  to  correct  pu- 
trefaction. 

IV.  It  will  not  be  deemed  quite  foreign  to  our  purpofe,  though  not  ftrictly  connected  with  the  elaftic  gafes 
of  which  we  are  treating,  to  mention  a moft  important  difeovery  of  Dr.  Carmichael  Smy'  h,  who  for  a number  of 
years  has  applied  the  vapour  arifing  from  the  decompofition  of  nitre  in  the  vitriolic  acid,  to  the  purpofes  of  prevent- 
ing and  even  deftroying  the  contagion  of  putrid  vapours. 

Dr.  Smyth,  after  examining  the  ufual  methods  employed  for  deftroying  contagion,  fuch  as  burning  fulphur, 
nitre,  tobacco  ; boiling  vinegar,  with  and  without  camphire,  & c.  and  (hewing  their  inefficacy  for  the  purpofes  to 
which  they  have  been  applied,  aflumes  as  an  acknowledged  faCt,  that  all  the  mineral  acids , particularly  when  in  a 
ftate  of  vapour,  with  the  different  gafes  produced  by  them,  have  great  influence  over  putrefaction.  Dr.  Smyth, 
in  conjunction  with  Mr.  Plume,  an  able  chemift  of  Long-acre,  in  order  to  afeertain  the  efficacy  of  the  vapours 
arifing  from  the  mineral  acids,  and  the  fafety  with  which  they  may  be  employed,  made  various  experiments  on  fmall 
animals,  and  afterwards  tried  the  effects  of  thefe  vapours  on  themfelvcs.  From  all  which,  he  concludes,  that  the 
vapour  arifing  from  the  decompofition  of  nitre  by  vitriolic  acid , is  by  far  the  moft  proper  to  be  employed  in  fituations 
where  people  muft  ncceflarily  be  piefent ; and  he  entertains  no  doubt  but  that  it  is  the  defderatum  fo  long  fought 
after  for  deftroying  infection  in  places  from  whence  the  Tick  cannot  be  removed.  His  own  experience  juftifies 
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the  conclufion  ; for,  having  made  ufe  of  it  for  16  or  17  years,  both  (n  hofpitals  and  private  practice,  he  has  had 
the  mod  decifive  evidence  of  its  happy  effects  in  preventing  the  fpreading  or  farther  communication  of  contagion, 
fie  adds,  that  “in  private  practice  I can  declare  with  truth,  that  where  the  nitrous  vapour  has  been  conftantly 
uled  as  a fumigation,  I have  not  known  an  indance  of  a contagious  fever  having  been  communicated  even  to  a 
nurfe  or  an  attendant.’  The  Do<dor  has  no  doubt  of  its  efficacy  in  preventing  the  progrefs  even  of  the  plague. 

I he  method  recommended  for  obtaining  the  nitrous  vapour  is  extremely  liinple,  and  as  follows.* 

Exp.  Fut  half  an  ounce  of  vitriolic  acid  into  a crucible,  or  into  a glafs,  or  china  cup,  or  deep  faucer,  warm 
this  over  a lamp,  or  in  heated  land,  adding  to  it  from  time  to  time  fome  nitre.  Thefe  vefTels  ffiould  be  placed  at 
20  or  30  feet  didance  from  each  other,  according  to  the  height  of  tire  ceiling,  or  virulence  of  the  contagion.  See 
•“  The  Effects  of  the  Nitrous  Vapour  in  dedroying  Contagion,  &c.  &c.  by  James  Carmichael  Smyth,  M.  D.” 

SECT.  VI. — Of  the  Construction  of  the  Atmqsjphere  and  of  Azotic  Air. 

The  foregoing  confiderations  on  the  formation  of  different  eladic  aeriform  fluids,  throw  confiderable  light  on 
..tire  condrudtion  of  the  atmofphere  attached  to  the  earth,  which  may  readily  be  conceived  to  be  a mixture  of  ad 
bodies  fufceptible  of  evaporation,  and  capable  of  retaining  the  eladic  date,  under  the  ufuai  preffure  and  temperature 
of  the  air  ; and  likewife  of  all  thofe  fubltances  which  are  capable  of  being  diffolved  by  the  mixture  of  different 
gafes. 

If  the  temperature  of  the  earth  were  fuddenly  and  materially  altered,  by  being  tranfported,  for  indance,  to  a 
fituafion  net  farther  from  the  fun  than  that  of  the  planet  Mercury,  the  water,  and  all  fluids  with  which  we  are 
acquainted,  would  become  rarefied  and  changed  into  permanently  eladic  fluids,  and  form  part  of  a new  atmofphere. 
In  proportion,  however,  to  the  increafe  of  eladic  fluids,  the  preffure  of  the  atmofphere  would  be  alfo  increafed  ; 
and  as  every  degree  of  preffure  tends,  in  fome  meafure,  to  prevent  evaporation,  and  as  even  the  mod  evaporable 
fluids  can  refid  the  operation  of  a very  high  temperature,  if  prevented  by  a proportionally  dronger  compreffion  ; 
it  mud  be  admitted,  that  the  new  atmofphere  would  at  lad  arrive  at  fuch  a degree  of  weight,  that  the  water  which 
had  not  hitherto  evaporated,  would  ceafe  to  boil,  and  confequently  remain  liquid. 

By  a contrary  fuppofition,  if  the  earth  were  fuddenly  removed  into  fome  very  cold  region,  as  the  orbit  of 
Saturn  ; water,  and  probably  the  greater  part  of  the  fluids,  would  be  converted  into  folid  rocks,  which  in  time 
might  become  opake  dones  of  various  colours.  In  this  cafe,  the  air,  or  at  lead  fome  part  of  the  aeriform  fluids 
which  now  compofe  the  mafs  of  our  atmofphere,  would  lofe  its  eladicity  for  want  of  fufficient  temperature  to 
retain  it  in  that  date,  and  thus  new  liquids  would  be  formed- 

It  is  generally  admitted,  that  the  atmofphere  in  which  we  live  is  compofed  of  two  permanently  eladic  fluids ; 
the  one  unfit  for  the  pnrpofes  of  combudion  and  animal  life,  and  therefore  called  azotic  air,  the  other  poffeffing 
both  thefe  properties  in  a very  eminent  degree,  and,  on  ^hat  account,  denominated  vital  air.  Of  the  latter  we 
have  already  treated  in  the  third  fetflion  of  this  chapter.  The  properties  of  the  azotic  gas  are,  (1.)  It  is  im- 
proper for  refpiration  and  combudion.  (2.)  Plants  live  in  this  air,  and  freely  vegetate  in  it.  (3.)  This  gas 
mixes  with  the  other  airs  without  combining  with  them.  (4.)  It  is  lighter  than  atmolpheric  air  in  the  propor- 
tion of  985  to  1000.  And  (5.)  when  mixed  with  vital  air  in  the  proportion  of  72  to  28,  it  conditutes  our 
atmofphere. 

M.  Lavoifier  has  furnidied  us  with  methods  of  determining  the  nature  and  before  mentioned  proportions  of 
thefe  g<Jes,  for,  exiding  merely  in  ailate  of  intimate  mixture,  they  are  ^afily  feparable  by  any  fubdance  poffeffing 
an  eledtive  attraftion  for  either  of  them.  Thus  we  have  feen,  in  the  beginning  of  the  third  fettion  of  this  chap- 
ter, that  during  the  calcination  of  metals  in  common  air,  the  pure  part  was  abforbed,  and  that  which  remained 
was  azotic  gas,  fuch  as  we  have  jud  deferibed.  We  fliall,  however,  in  this  place,  briefly  mention  fome  experi- 
ments indituted  by  M.  Lavoifier,  with  the  intention  of  analyfing  atmofpherical  air. 

Exp.  t.  Four  ounces  of  pure  mercury  were  expofed  for  feveral  days,  in  a matrafs  containing  atmofpherical 
air,  to  a degree  of  heat  almod  at  the  boiling  point.  On  the  fecond  day,  fmall  red  particles  began  to  appear  on  the 
furface  of  the  mercury,  which,  during  the  four  of  five  following  days,  gradually  increafed  in  fize  and  number.  During 

the 


* Note.  It  having  been  ohje«5ted  that  nitrous  vapour  is  highly  noxious  ; Mr.  Kcir,  a chemifl  of  very  confiderable  reputa- 
tion, obferves,  “ that  the  fumes  in  Dr.  Smyth’s  procefs  are  quite  different  from  the  ordinary  nitrous  vapour  in  the  diftillation 
of  aquifortis,  or  from  tiiat  which  exhales  in  the  folution  of  metals  by  nitrous  acid  the  latter  is  highly  fuffotating  and  noxious. 
The  vapour  made  in  Dr.  Smyth's  manner,  (if  there  is  no  metal  employed  in  the  vrjfcl,  & c.)  is  highly  dcphlogiflicatid.  and  is  mixed 
with  a large  quantify  of  pure  vital  air,  which  U extricated  from  the  materials.  Thefe  fumes  ajte  not  oj/ly  not  fuffocattng,  but 
have  a very  plfcafant  fmcll,” 
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the  experiment,  -|th  of  the  bulk  of  t>he  air  was  a'bforbed,  and  the  red  particles  colledled,  were  found  to  amount  to 
45  grains.  The  air  which  remained  after  the  calcination  of  the  mercury,  and  which  wa6  reduced  to  -§ths  of  its 
former  bulk,  was  no  longer  fit  either  for  refpiration  or  combuftion. 

Exp.  2.  M.  Lavoifier  put  the  45  grains  of  red  matter  formed  during  the  experiment,  in  a fmall  glafs  retort, 
which  when  almofl  red  hot,  the  red  matter  began  gradually  to  decreafe  in  bulk,  and  in  a few  minutes  after,  it  dis- 
appeared altogether  ; at  the  fame  time  41^  grains  of  running  mercury  were  collected  in  the  recipient,  and  7 or  8 
inches  of  elaftic  fluid,  greatly  more  capable  of  fupporting  both  refpiration  and  combuftion  than  atmofpherical  air. 

It  appears,  therefore,  from  thefe  experiments,  that  the  mercury  during  its  calcination,  that  is,  at  a degree  of 
heat  approaching  ebullition,  poflefles  the  power  of  decompoling  atmofpherical  air,  and  of  combining  with  the 
pure  part,  which  is  accordingly  feparated  from  the  other  condiment  part,  or  the  azotic  gas  : confequently,  atmof- 
pheric  air  is  compofed  of  two  elaftic  fluids  of  different  and  oppofite  qualities.  As  a proof  of  this  important  truth, 
if  the  two  elaffic  fluids  which  have  been  feparately  obtained  in  the  above  experiment,  be  re-combined,  an  air  is 
produced  precifely  fimilar,  in  all  its  properties,  to  that  of  the  atmofphere.  By  other  experiments  it  has  been 
found  that  the  proportion  of  the  vital  air  to  that  of  the  azotic  is  as  28  to  72. 

The  phvfical  properties  of  air  are  elafticity  ; gravity  ; fluidity  ; invifibility  ; and  a negation  of  fmell. 

Of  the  elafticity  and  gravity  of  the  air  we  have  treated  in  a former  part  of  this  work.  We  (hall  now  proceed 
with  the  other  properties. 

1.  The  fluidity  of  tire  air  expofes  it  to  thofe  frequent  and  repeated  motions  which  conftitute  the  winds. 
The  air  is  not,  however,  capable  of  penetrating  all  bodies.  Tranfparent  fubftances  through  which  light  readily 
pafles,  are  fecure  againft  the  impulfe  of  the  air.  Water,  folutions  of  halts,  &c.  pafs  through  bodies  whofe  con- 
texture is  fuch  as  not  to  admit  air. 

2.  Air,  when  confined  in  vefiels,  is  abfolutely  invifllle.  It  ewes  this  property  to  the  ready  paflage  which  it 
affords  to  the  rays  of  light  which  are  refradled  without  being  reflected  by  it. 

3.  Naturalifts  have  confidered  the  air  as  an  hiflpld  body.  Wounds,  however,  when  uncovered,  and  expofed 
to  the  air,  are  affedted  with  acute  pain.  New-born  infants  exprefs,  by  their  cries,  a difitgreeable  fenfation  which 
they  feem  to  feel  from  the  firft  contadl  of  the  external  air.  Atmofpheiic  air  impedes  the  growth  of  new  bark  on 
fuch  vegetables  as  have  been  ftripped  of  their  covering.  Thefe  fadts  would  lead  one  to  fuppofe  that  there  is  a 
confiderable  pungency  in  the  air. 

4.  Air  is  perfectly  inodorous.  If  the  atmofphere  fometimes  affedls  our  organs  with  a fetid  kind  of  fmell,  it  is 
to  be  attributed  to  the  extraneous  bodies  that  are  mixed  with  it,  as  may  be  obferved  in  mills  and  vapours. 

SECT.  VII. — Of  Water,  and  of  its  Compofition  and  Decompofition . 

Water  is  found  in  almoft  all  natural  bodies.  It  conftitutes  the  moft  confiderable  part  of  animal  and  vegetable 
fluids,  and  even  enters  into  the  compofition  of  the  folid  parts  of  fuch  bodies.  It  may  be  confidered  in  two  ftates  ; — - 
either  in  a ftate  of  Ample  mixture  ; — or  in  a ftate  of  coihbination.  In  the  former  cafe,  it  renders  bodies  humid  ; — 
is  perceptible  to  the  eye  ; — and  may  be  ealily  difengaged.  In  the  latter,  it  exhibits  no  character  which  fhews  that 
it  is  in  a ftate  of  mixture.  In  this  form  it  exifts  in  cryftals,  falts,  plants,  animals,  Sec. 

Water  is  fufceptible  of  various  forms,  as  the  folid,  the  liquid,  and  the  vaporous. 

1.  Of  water  in  a ftate  of  ice.  The  converlion  of  water  into  ice  is  attended  with  thefe  phenomena.  (1) 
It  is  attended  with  a fenfiblc  production  of  heat  which  cfcapes  into  contiguous  bodies,  confcquently  the  fpecilic 
heat  of  ice  is  lefs  than  that  of  the  water.  (2)  Ice  occupies  a larger  fpace  than  fluid  water. 

2.  Of  water  in  the  liquid  ftate.  This  is  the  ufual  ftate  in  which  we  fee  water.  It  enters  into  combina- 
tion moft  readily  in  this  form.  Water  which  flows  on  the  furface  of  the  ear.th  is  never  pure.  M.  Chaptal  found 
that  rain  water  in  ftorms  is  lefs  pure  than  that  of  a gentle  fhower  ; — that  the  water  which  falls  firft,  is  not  fo 
pure  as  that  which  falls  after  feveral  days  rain  ; — that  the  water  which  is  blown  from  the  fea  fouthward,  contains 
fea-falt ; whereas  that  wlvch  is  produced  by  a northerly  wind  does  not  contain  a particle.  By  diftillation,  water 
may  be  obtained  to  any  degree  of  purity.  The  characters  of  potable  water  are,  ( 1 ) A lively,  frefti,  and  agreeable 
tafte.  ( 2)  The  property  of  boiling  readily,  and  alfo  that  of  boiling  peas  and  other  pu’fe.  ( 3 ) The  virtue  of  dif- 
folving  foap  without  curdling. 

3.  Of  water  in  a ftate  of  gas.  Many  fubftances  are  naturally  in  a ftate  of  aeriform  fluidity,  at.  the  common 
temperature  of  our  atmofphere,  fuch  as  the  fixed  and  inflammable  airs.  Others  evaporate  at  a degree  of  heat  vety 
near  that  in  which  we  live.  Ether  and  alkohol  are  of  this  kind.  Water  requires  a ftronger  beat. 

Exp.  In  order  to  convert  water  into  an  aeriform  fluid,  M.  Lavoifier  filled  a glafs  veflel  with  mercury,  and  re- 
verfcd  it  over  a difli  filled  with  the  fame  metal.  Two  ounces  of  water  were  transferred  beneath  this  velfcl,  and 

the 


20 


OF  CHEMISTRY. 


Appendix. 


the  mercury  heated  to  about  250°.  or  260°.  The  inclofed  water  became  rarefied,  and  occupied  the  whole  velTel. 
The  volatilization  of  water,  therefore,  feems  nothing  more  than  a direft  combination  of  caloric  with  it. 

It  is  now  very  generally  admitted,  that  the  combuftion  of  vital  and  inflammable  airs  produces  water.  By  fome’ 
experiments  of  Mr.  Cavendifh,  it  appears  that  he  changed  common  air  into  pure  water  by  decompofing  it  in  con- 
junction with  inflammable  gas.  Meflrs.  Lavoilier  and  others,  feem  to  have  proved,  by  fatisfaCtory  experiments,  that 
the  whole  mafs  of  water  may  be  converted  into  vital  and  inflammable  airs,  and  that  the  combuftion  of  thefe  two 
« gafes  produce  a volume  of  water  proportioned  to  the  weight  of  the  two  principles  employed. 

Exp.  1.  If  a fmall  glafs  veflel  be  inverted  over  mercury,  and  a known  quantity  of  diftilled  water  and  iron  filings 
be  put  into  the  upper  part  of  the  vefle!,  inflammable  air  will  be  gradually  difengaged,  the  iron  will  ruff,  and  the  water 
with  which  it  is  moiftened  will  be  diminiftied,  and  at  length  difappear,  the  weight  of  the  inflammable  air  which  is 
produced,  and  the  augmentation  of  the  iron,  will  be  equivalent  to  the  weight  of  water  made  ufe  of. 

It  is  therefore  inferred,  that  the  water  is  reduced  into  two  principles,  the  one  of  which  is  inflammable  air, 
and  the  other  is  the  principle  which  has  entered  into  combination  with  the  metal.  Now  it  is  known  that  the 
calcination  of  metals  is  owing  to  vital  air  ; and  confequently  the  two  fubftances  produced,  namely,  the  vital  and  in- 
flammable air,  arife  from  the  decompofition  of  water. 

2.  When  water  is  converted  into  a ftate  of  vapour,  in  its  paflage  through  an  ignited  iron  tube,  the  iron  be- 
comes calcined,  and  inflammable  air  is  obtained.  The  increafe  of  weight  in  the  metal,  and  the  weight  of  in- 
flammable air  obtained,  form  a fum  equal  to  that  of  the  water  employed. 

3.  From  the  experiments  of  the  decompofition  of  water,  it  appears  that  100  parts  of  this  fluid  contained  84 
parts  of  vital  air  and  r 6 of  inflammable  air.  The  following  is  the  method  which  L)r.  Higgins,  in  his  ledlures,  ufed 
to  exhibit  the  compofition  of  water.  AB  is  a large  and  very  ftrong  barometrical  glafs  tube  Handing  in  a trough 
of  mercury  F.  T Plate  1 3.  Fig.  2 1.]  Suppofe  the  mercury  to  Hand  at  x,  introduce  two  meafures  of  inflamma- 
ble, and  one  of  vital  air,  which  will  deprefs  the  mercury  to  z,  By  means  of  the  two  wires  D and  E,  cemented 
carefully  into  the  tube,  and  connected  with  an  eledbical  machine,  the  gafes  air  inflamed  by  the  eledtrical  fpark, 
and  being  nearly  confirmed,  the  mercury  rifes  almoft  to  its  former  height,  and  the  infide  of  the  tube  is  covered 
with  water.  The  apparatus  made  ufe  of  in  this  experiment  is  very  ufeful  for  the  inflammation  of  any  of  the  fadti- 
tious  airs.  In  this  way  Mr.  Cavendilh  obtained  nitrous  acid  by  an  inflammation  of  certain  proportions  of  vital 

and  azotic  gafes  • , . 

4.  Mr.  Lavoifier  made  ufe  of  the  following  apparatus  in  generating  water.  He  took  a large  cryflal  balloon, 
to  which  were  adapted  four  tubes,  of  thefe,  three  had  flop-cocks  ; one  fitted  to  an  air-pump  to  exhaufl  the  air  from  the 
balloon  ; another  for  the  purpofe  of  admitting  the  vital  air  ; and  the  third  to  admit  the  inflammable  air  : the  other 

, was  intended  to  convey  the  eledhic  fpark,  by  which  the  gafes  were  inflamed,  and  in  proportion  to  the  combuf- 
the  balloon  was  fupplied  with  freih  gas. 

the  combuftion  advanced  there  was  a depofition  of  water  which  gradually  fell. down  the  Tides  of  the  veflel  ; 

. weight  of  which  being  compared  with  that  of  the  airs  confumed,  it  was  found  that  85  parts  by  weight  of  vital, 
and  15  of  inflammable  air,  were  required  to  the  formation  of  100  parts  of  water. 

Thus  it  appears  that  water  is  compofed  of  vital  and  inflammable  airs,  or  in  the  language  of  the  French  Nomen- 
clature, of  hydrogen  and  oxygen,  whicli  elements,  when  exifting  feparately,  have  fo  flrong  an  affinity  for  caloric 
as  only  to  fubfift  under  the  form  of  gas,  in  the  common  temperature  and  preflure  of  the  atmofphere. 

5.  Sixteen  ounces  of  alkohol,  burnt  in  an  apoaratus  adapted  for  colledting  all  the  water  difengaged  during  the 

combuftion,  will  yield  fr  om  r 7 to  18  ounces  of  water.  v . t 

Now,  as  no  fubftance  can  furnifh  more  than  its  original  quantity  of  matter  ; it  follows  that  fometlung  has  unit 
ed  w ith\he  alkohol  during  its  combuftion,  which  muft  be  the  vital  part  of  the  atmofpheric  air. 

If  then  it  be  admitted,  that  water  is  compofed  of  two  known  principles,  it  muft  a dt  like  all  other  compound  bo- 
dies that  is,  according  to  the  affinities  of  its  conftifuent  parts.  It  will,  therefore  in  fome  inftances,  yield  its  in- 
flammable air,  and  in  others  its  vital  air.  If  it  be  placed  in  contact  with  bodies,  which  have  the  ftrongeft  affinity 
to  vital  air,  as  metals,  oils,  charcoal,  &c.  the  oxygen  will  unite  with  thefe  fubftances,  and  the  hydrogen  will  ef- 
cape.  In  vegetables,  on  the  contrary,  it  feems,  that  the  hydrogen  is  the  principle  which  is  abforbed,  and  the  ox- 
ygen is  difengaged  and  cfcapes. 


FINIS. 


• •; 


fei 


.'V  >; 


t 


m 


i 


* 


* 


< • 


t 


I 


/ 


9-1 


.2 


; 


* 

♦ 


i 


-OXV. 


Fig.i 


Hcrschel  Jff 


' 


) 


, if 


l 4 « 1 


k 


4 


* 


